UNCLASSIFIED 
AD  NUMBER 

_ AD335188 _ 

_ CLASSIEICATION  CHANGES 

TO:  unclassified 

FROM:  confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  Controlled.  All  requests  to 
Armed  Explosives  Safety  Board,  Attn: 
Technical  Librarian/STINFO,  Washington,  DC 


_ AUTHORITY _ 

OCA;  Dec  31,  1971,  lAW  document  markings; 
DoD  Explosives  Safety  Board,  Itr  7  Jul 
2000,  2461  Eisenhower  Ave,  Alexandria,  VA 


THIS  PAGE  IS  UNCLASSIEIED 


Reproduced  From 
Best  Availabte  Copy 


00 

OC’ 


MlNUm 

EXPLOSIVES  SA^  SEMINAR  R 

I  !  u  oni 

:  iHIGH- ENERGY  SOUD  PROPELLANTS  ^  ^  y  | 


uo 

CO 

CO 


c. 


APR  2 
.  -I 


iHeld  at  ti^  t  r  X 

Naval  Propellant  Plont,  Indian  Heod,  Moiryland 


i 


10-11  June  1959* 


This  docxoMnt  contains  iafonstlon  affseting 
the  national  defense  of  the  Onltad  States  within 
the  neaning  of  the  Espionage  Laws,  Title  18, 

U.S.C.,  Secs.  793  <uid  79^,  the  transaissicm  or 
rerelation  of  which  in  aigr  namer  to  an  unauthorised 
person  is  prohibited  br  law. 


3 

Lth 

t 

or 

jth 


Armed  Services  Explosives  Safety  Board 
Washington  25,  D.  C. 


I 


-  r-.  M  r'i  r.ri 


gOMM6RM)fS  AT  3  YEA!)  INTERVAU;  ^ 
PBUtttf  KO  AFTER  12  YEARS 
DOO  DIR  S200.I0 


NOTICE :  When  government  or  other  drawings,  sped* 
flcations  or  other  data  are  used,  for  any  purpose 
other  than  in  connectior  v'.th  a  definitely  related. 
govensBent  procuresnent  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern- 
ment  may  have  fonmilated,  furnished,  or  In  any  way 
supplied  the  said  drawing,  specifications,  or  other 
data  is  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl^ts 
or  peradaslon  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  In  any  way  be  related 
thereto. 


UNCLASSIFIED 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFiC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION  ALEXANDRIA.  VIRGINIA 

DOWNGSIADED  AT  3  YEAR  INTERVALS: 
DECLASSIFIED  AFTER  12  YEARS 

DJD  DIR  5200  to  j 


UNCLASSIFIED 


UNCI  ASSiPif? 


PREFACE 


Most  of  the  discussicr  aL  the  Seminar  required  no  securlt  M 
Certain  discussions  were  classified  "ConfldcntlaLt"  £sch  page 
has  been  staa^jed  to  indie,  e  aijether  or  not  it  contains  ’’Confl 
Ration  or  is  "Unclassified.’' 

Further  exchange  of  trJ’omation  on  how  to  prevent  explosl 
encouraged.  It  is  suggested  that  any  questions  on  portions  of 
directai  to  the  appropriato  speakers,  or  their  sponsoring  ager 
to  the  Armed  Services  Ea^lo  dves  Safety  Board.  This  will  expe 
will  promote  direct  exchange  of  Ird^ormatlon  between  principals 
so  effective  in  promoting  safety. 

Considerable  interest  was  expressed,  nt  the  Seminar,  in  v 
hazard  classification  and  tho  effentiweness  of  'lividing  walls 
propagation.  A  procedure  for  the  establishnant  of  tuiiform  hat 
by  the  Services  has  been  approved  by  the  Board  and  should  appe 
future  as  a  Joint  publication.  A  work  group  is  reviewing  aval 
on  effectiveness  of  dividing  walls  and  will  submi’.  its  findini 
datlons  to  the  Board  as  soon  os  practicably 

Please  advise  the  Armed  Services  Explosives  Safety  Board 
to  be  made  in  these  minutes,  and  errata  sheets  will  be  prepar^ 

The  contribution  to  the  cause  of  promoting  explosives  sai 
devoted  valuable  tioB  and  effort  to  this  Setalnar,  is  verj'  muci 
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PREFACE 


Most  of  the  diaciuslon  at  tbs  Seminar  required  no  classification. 

Certain  discussions  were  cltssified  "Confidential.*  Ea>'h  page  of  these  minutes 
has  been  starred  to  indicate  wtiether  or  not  it  contal';.'  "Confideattal"  infor-> 
Ration  or  Is  "Unclassified.'' 

Further  exchange  of  information  on  how  to  prevent  explosive  accidents  is 
encouraged.  It  is  suggested  that  any  questions  on  portions  of  discussions  bo 
directed  to  the  appropriate  speakers,  or  their  spc-aoring  agencies,  rather  than 
to  the  Armed  Services  Explosives  Safety  Board.  This  wl'l  expedite  answers  and 
will  promote  direct  exchange  of  Information  between  principals,  which  can  be 
so  effective  in  promoting  safety. 

•V  Considerable  interest  was  expressed,  at  the  Sonlnar,  in  uniformity  of 
hazard  classification  and  tho  effectiveness  of  dividing  walls  in  preventing 
propagation.  A  procedure  for  the  establishment  of  luilform  hazard  classifications 
by  the  Services  has  been  <q)praved  by  the  Board  and  should  appear  in  the  near 
fixture  as  a  joint  publication.  A  work  group  Is  reviewing  available  information 
or.  effectiveness  ''f  dividing  walls  and  will  submit  its  findings  and  recomraen- 
cations  to  the  Bc-rd  as  soon  as  practicably 

please  advise  tbe  Armed  Services  Explosives  Safety  Board  of  any  corrections 
to  be  made  in  these  minutes,  and  errata  sheets  will  be  prepared. 

The  contribution  to  the  cause  of  promoting  explosives  safely,  by  those  who 
devoted  valuable  tiios  and  effort  to  this  Seminar,  is  very  much  appreciated. 


Chairman,  Armad  Serviess  Explosives 
Safely  Board 
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EXTRACT  OF  KTWUTES 
Sn’'.Tn  PROPCTJ.AHT  SBHIHAR 
KAVAL  PROFELLAJ.T  PLANT,  IKDIAM  HEAD,  KiHnAlg 

10  -  U  Jufll  19^9 


Captain  0.  T.  Atkins t  Admiral  Hubbard,  Mp.  Karsh,  Captain  .^enkins, 

gentlemen,  1  an  Captain  Atidns,  Coipnandlng 
Officer  of  the  N’a/al  Propellant  Plant.  It  gives  ns  and  sH  o?  us 
here  great  pleasure  to  welcome  you  to  the  first  solv’d  propellant 
seminar  sponsoi*ed  by  the  Armed  Services  Explosives  Safety  Board. 

We  here  corsidar  it  a  great  privilege  to  be  your  host  for  this  meet¬ 
ing.  We  want  to  thank  you  for  leaving  your  jobs  and  coming  this  far 
in  this  hot  weather  to  be  with  us,  and  we're  going  to  try  to  mske 
your  stay  hero  as  comfortable  and  useful  to  you  as  we  can.  We  have 
a  oink  booklet  that  each  of  you  should  get  a  copy  of.  This  gives 
the  schedule  for  this  meeting  and  gives  soms  other  iafontation. 

If  we  have  overlooked  anything  that  will  help  you  or  help  the  semi¬ 
nar,  please  lei  any  of  us  here  at  the  plant  know.  The  official 
liaison  officer  is  Lt.  Covander  Buckles.  He  is  car  Safety  Officer 
and  he  will  be  on  hand  all  the  time  you  are  here  tn  help  you,  but 
if  you  see  ary  of  us  here,  please  let  us  know  what  we  can  do  for 
you. 

We,  here,  are  very  Interested  in  the  subject  of  this  seminar. 

He  have  made  solid  propellants  hers  for  sixty-two  years,  and  in 
that  tine,  over  the  years,  new  propellants  have  coos  in  and  have 
replaced  the  old  ones  and  wc  have  had  to  put  in  new  saclnunery  and 
work  out  new  methods.  In  the  last  few  years,  this  tesqpo  has  in¬ 
creased  because  guided  missiles  and  ballistic  missiles  rsqoire 
very  hl^  Impulse  and  relatively  small  quantities  of  propellant. 

This  means  that  we  are  faced  with  having  to  manufaetun  propel¬ 
lants  that  use  ingredients  that  are  very  hazardous.  Wo  make 
rtuff  with  hazards  that  we  wouldn't  have  thought  possible  idiwi 
we  were  making  large  quantities  of  propellant.  It  means  that 
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we  have  to  get  special  machinery  and  go  to  pretty  high  costa  In  order  to 
get  the  very  best  propellant  out.  In  ox*der  to  keep  the  solid  propellant 
technology  adranclng,  we  have  to  keep  looking  to  the  future  where  we  are 
going  to  hare  to  get  higher  and  higher  lapulses.  If  we  don't,  the  solid 
propellant  business  will  quickly  fall  behind  the  liquid  propellants.  In 
order  to  use  solid  propellants,  we  feel  oni  the  real  stunblici;  blocks 
is:  how  are  we  go^ng  to  process  thsse  things  wlthiuC  hmag  sxploslons 
or  serious  fires?  If  we  don't  oeercose  this  problea,  tnsre  Is  going  to 
be  a  feeling  that  solid  propellants  axe  not  safe  to  or  even  to  use, 

and  we  in  the  solid  propellant  busjjiess  are  going  to  lose  the  one  big 
advanta^^e  that  we  hare  had  relative  to  liquid  propellanta  racenfy. 

Host  of  us  feel  that  a  solid  propellant  is  soosthing  that  ia  dependable 
and  aafci;  but,  if  we  have  troubles  in  making  tha  stuff  and  we  bare  to 
tel3.  the  research  people  to  slow  down  in  what  they  are  putting  into 
solid  propellants  because  we  can't  handla  it,  than  we're  pretty  well 
handicapped  pretty  well  licked.  We  feel  that  tha  biggest  thing  we 
can  do  right  now  to  help  la  to  hawa  other  people  like  yourselTss  get 
together  and  talk  over  what  we  know  abou'  safaty  and  interchange  ideas. 
That  Is  why  we  are  so  interested  In  this  meeting  today.  How,  it  Is  ^y 
pleasure  to  introduce  Rear  Admiral  Milea  H.  iiabbard.  He  has  rseently 
cono  to  Washington  from  duty  in  tns  Pacific,  wfasre  bs  was  on  ths  Joint 
Staff,  CoMBandsr-in-Chlef  Far  Bast  CoMani,  and  than  later  Cemaandar, 
Cruiser  D^  rislou.  Admiral  Hubbard  has  always  bsen  In  Kawy  Qrdnancs, 
and  at  present,  he  is  ths  Deputy  Chief  of  the  Navy's  Burean  of  Qrdnucs. 
Admiral  Hubbard. 


Rear  Admiral  M.  H.  Hubbard.  Deputy  Chlsf.  BuOrd.  Havyt  Captain  Atkins, 
nr,  Karsh,  gentle»''<nt  I  am  very  happy  to  add  ^y  welcoM  to  that  of 
Captain  Atkins,  and  also  Admiral  Stroop  who,  in  a  vexy  fo>v  mcawnts, 
will  be  on  his  way  to  the  west  coast.  I  am  sorry  that  I  will  not  be 
able  to  remain  and  participate  in  this  meeting  because  of  the  subjects 
in  which  I  am  personally  grsatly  interested;  but,  ths  usual  crisis  has 
occurred  and  I  an  due  back  in  Washington.  During  the  course  of  this 
seminar,  you  will  hear  a  lot  about  tbs  technical  aspects  of  explosives 
safety.  This  is  a  good  uolid  subject,  and  there  is  a  large  area  to 
coyer.  As  you  read  the  roster  of  the  speakers  to  follow,  yon  will  see 
that  we  hare  people  tdio  are  known  for  their  professional  kncwledgs  of 
the  subject  hers  to  address  you.  I  will  not  term  them  "sjqperts*.  The 
word  sometimes  has  ondsslrabls  oonnotationa.  When  I  was  in  Pensacola 
In  1929,  there  was  a  general  saying  that:  Ths  only  good  aviators 
were  the  dead  ones.'  This,  of  course,  was  not  true,  but  than  are  a 
let  of  prematurely  dead  people  irtio  have  been  in  ths  vsplosivss  buslnssa. 
Dsnger  can  bs  overstresssd.  Our  pnzposa  in  ths  Ordnsnes  gams  is  to  be 
able  to  kill  the  encaqr.  There  has  nsvsr  been  a  bsttar  way  to  do  this 
than  through  the  proper  application  of  explosives.  With  tbs  years, 
and  constant  study  groups  such  as  this,  we  were  able  to  deliver  our 
so-called  "cocrentlonal  wagons*  with  a  marked  degree  of  safety  for  our 
own  people.  NeVerthelsss,  we  sometimes  bad  accidents  (fires  and  a3q>lo- 
slons)  including  some  very  bad  ones.  Ws  nsvsr  reached  tbs  safety  ideal 
since  vc  couldn't  covgiletely  eliminate  rcch  accidents  but  ws  have  reduced 


> 


UNCLASSIFIED 


UNCLASSIFIED 


their  frequency  by  use  of  methods  <]uq.te  femlliar  to  you  ^^tlaman. 
Present  day  Ordnance  has  increased  in  sophistication  and  coaqdexltyj 
beth  in  the  end  axplosicn  and  the  propulsion  to  deliver  it  to  tbs 
target.  The  safety  proLless  hars  giown  in  proportioa  to  tbs  iacrsassd 
conplexity  of  the  missile  and  weapon.  There  are  easy  ecov  conplstaly 
unknown  factors  to  study,  both  in  bel'tO.'r*  tr  and  somifaeturing  proeessos, 
than  ve  have  ever  faced  before.  We  are  dealing  nore  aeasitlve 
materials  and  tremendoualy  greater  forces  than  faead  us  In  the  past. 

It  is  no  longer  a  chemist's  job  alone.  For  example,  electrical,  elec¬ 
tronic,  and  mechanical  engineers  s*«  needed  on  the  tea.;  along  with 
other  professionals.  Gentlemen,  we  have  a  big  Job  ahead  of  us.  This 
seminar  gives  us  in  opportunity  to  exchange  ideas  and  to  toll  each 
other  what  we  have  found  tc  be  fact,  or,  perhaps  more  iiqjortantly, 
what  we  have  found  to  be  false.  Comnunlcatlons  is  the  heart  of  say 
organization,  and  this  task  is  too  big  for  any  c^e  smali  group.  Many 
shoulders  will  be  needed  to  push  this  wagon,  and  uhfortuiately^  there 
Is  not  much  axle  grease  in  the  fom  of  money  to  make  the  Job  aqy  easier. 
This  does  not  worry  me  too  much,  for  this  Is  a  Job  for  tba  good  of  the 
United  States  and  the  public  interest  never  lacks  si^port  froB  a  group 
such  as  this.  Tour  past  record  has  never  developed  a  more  Anilongirig 
new  probleai  than  that  with  which  you  are  now  faced.  gentlsaen, 

1  an  sorry  that  I  cannot  stay  and  partlcipa'^e  la  this  mseting,  but  I 
!-r.:  i  u.eat  deal  of  good  will  cone  of  it. 

Captain  Atldnet  Thank  you.  Admiral  Hubbard.  It  is  mw  my  pleasure  to 
introduce  the  Ctialnssn  of  the  Amsd  Services  Explosives  Safety  Board 
who  has  sponsored  this  seninar,  snd  who  will  act  am  tte  moderator. 
Captain  Jenkins  has  had  a  long  and  varied  coimeeUoo  with  Ordnaree 
throughout  his  career.  He  has  served  at  the  Naval  Froving  Ground,  has 
been  head  of  the  Ordnance  and  Gunnery  Department  at  the  Naval  Acadmiy, 
has  had  other  Ordnance  Jobs  both  ashore  and  afloat,  and,  of  course, 
in  his  present  position,  ho  gets  around  tc  see  may  iastallstions  and 
to  Inquire  into  safety  matters  so  I  think  wa  are  v«ty  fortunatm  to 
have  him  as  our  moderator.  Incidentally,  I  used  to  work  for  Captain 
Jenkins  for  awhile,  many  years  ago  when  be  ran  tbs  Shell  House  down 
at  the  Naval  Proving  Groond  at  Dahlgren,  and  bad  to  ofaacfc  in  ammnni- 
tion  tc  make  testa.  In  those  days,  we  didn't  have  mil  the  faired  help 
that  we  have  now.  I  was  a  Lieutenant  then  and  I  used  to  have  to  climb 
a  UO-foot  ladder  and  drop  a  fuze  down  a  pipe  to  give  it  tbo  liO-foot 
drop  tost,  and  I  tiiink  Ci^tain  Jerkins  was  even  IImb  a  very  safe'fy- 
eonscious  man.  I  think  bis  tho\ight  was  that  you  shouldn't  get  more 
than  one  fuze  together  with  another,  so  I  bed  to  mala  a  soparato 
ItO-foot  trip  for  every  fuse  to  be  tested.  Ton  see,  «e  are  dealing 
with  a  hard  man  here.  Captain  Jenkins. 

Captain  W,  T.  Jenkins,  DSN,  Chairmen,  ASBBi  Certain  Atkins, 

Mr.  Marsh,  and  distinguished  gnestst  I  want  to  asntloQ  right  at  the 
start  how  pleased  we  are  that  the  Bureau  of  Ordnance  kindly  consented 
and  enthusiastically  agreed  to  eponen*  this  first  seminar  on  the 
subject  of  safety  with  respect  to  hi^-energy  solid  pngmilants,  and 
for  making  funds  available  for  the  reception  idiidi  is  coming  off  this 
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afternoon  and  which  Captain  Atkins  mentioned  to  you.  I  want  to  thank 
Captain  Atkine  and  his  many  associates  for  the  wonderful  arrangeinonts 
they  have  mades 

Setting  up  the  tour  and  furnishing  a  most  inpressiTS  exhibit  of 
many  of  our  high-energy  solid  propellants  1^:  the  various  stages  of  manu¬ 
facture. 

In  making  facilities  so  comfortable  for  us;  puti^ug  in  this  air 
conditioning.  This  wss  a  crash  program;  they  put  in  two  air  condition¬ 
ing  units  on  Friday  to  make  our  lives  endurable  here. 

Then,  the  nice  arrangements  in  the  BOQ,  etc.,  so  1  certainly  do 
appreciate  that  on  behalf  of  the  Board  and,  I  hope,  ai i.  of  ua  present. 

In  appearing  before  this  high-level  arrsy  of  talent,  assembled 
from  far  and  wide,  and  covering  a  large  portion  of  the  explosives  pro¬ 
fession,  I  adght  say  that  it  is  with  a  deeidec;  feeling  of  humility  on 
my  part.  I  realise  that  I  am  standing  in  the  halls  ef  the  nighty  as  it 
were,  before  ay  peers,  like  a  lawyer  srguing  his  first  esse  before  the 
Supreme  Court.  However,  the  job  of  the  Board  of  which  1  am  Chairaan  is 
safety,  and  in  this  new  field  of  hlgji^nergy  solid  propellants,  fast- 
buming  and  yet  almost  mass  detonating  bordarllne  materials,  incidents 
have  been  happening  all  too  frequently  with  considerable  property  damage 
but,  so  far,  I  am  glad  to  say,  loss  of  life  and  Injurlss  have  been  rela¬ 
tively  small.  None  of  us  know  all  the  answers  in  this  business,  in  this 
new  field,  by  any  means.  If  we  did,  there  would  be  no  need  for  this 
seminar,  but  I  and  my  associates  fait  that  by  calling  this  group  together, 
trading  and  sharing  Idaas,  we  mi^t  improve  the  cause  of  safety  tremend¬ 
ously.  Tou  are  all  familiar  with  that  old  azion  In  the  aiq^losives 
safety  field,  *Tou  never  know  about  the  lives  yon  save,  It'a  only  the  ones 
which  are  lost  which  you  hear  about." 

Many  of  you  are  already  aware  of  the  organiantlon,  functions  and 
operations  of  the  ASSSB,  but  perhspe  sons  of  you  art  not  sspeclsUy  those 
from  civilian  induetry,  so  I  thou^t  I  would  give  yon  a  brief  outlinet 

On  July  2,  1926,  two  of  cur  largest  mllltaTy  exploelvee  installa¬ 
tions  were  destroyed  as  a  result  of  lightning  striki^  ons  of  the  storage 
magacines,  containing  over  a  mlUion  pounds  of  bulk  TNT  and  loaded  pro¬ 
jectiles;  namely.  Lake  Denurk  and  Picatinqy  Arsenal.  Financial  losses 
at  that  time  were  in  the  neighborhood  of  seventy-five  million  dollars 
which,  in  those  days  of  course,  was  not  "bay*.  The  personnel  losses  were 
appro.':imately  nineteen,  only,  due  to  the  fact  that  it  wae  a  Saturday 
afternoon  which  was  a  nonwork  period  and  most  of  ths  permanent  persoocsl 
were  off  the  station.  Aa  a  rBsidt  of  this  incident,  the  Board,  in  an 
earlier  form,  was  sstabllahed  by  Congressional  Act.  It  is  now  composed 
of  three  effiser  msmbors  serving  in  a  part-time  capaei^,  one  each  Aram 
the  Army,  Navy  and  Air  Force,  plua  eltematee  Arom  each  of  the  Services, 
and  myself  as  the  fuU-tlms  Chairman.  Ths  Navy,  Ineldantally,  is  repre¬ 
sented  by  Bureau  of  Ordnance  membership.  Ijr  ad^tlon,  there  is  a 
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Permanent  stftff  of  one  Armjr,  and  Air  Force  officer  plus  a  nunber  of 
civilian  technicians  and  adBlnistrative  assistants.  Eadi  Serrlce  desig¬ 
nates  the  Chairman  in  rotation  for  a  two-year  period,  noxnallsr  Artei  the 
permanent  staff  officers.  This  tri-Serrlce  Departnent  of  Defense  Board 
reports  to  the  Secretary  of  the  Arey  as  the  ezecntlse  sgeocy*  Bie  Board 
itself  is  generally  charged  with  prevsnting  h««ardow  eoadltioos  firaai 
arising  which  would  unduly  endanger  life  and  property  is  the  handling  of 
aaminitlon  and  ezplosiTes.  In  carrying  out  this  fSnetion,  vs  hate  survey 
engineers  who  inspect  representatlTe  aaeamitlon  B»sef«*'^tarlBg  and  huid- 
1-tng  facilities  under  Oovemmnt  control*  We  strive  for  unifond.^  in 
procedures  between  the  three  Services  and  we  revise  eonstracttOB.  plane 
for  modifications,  or  Initial  conetructlon,  at  all  lamaintttim  hanging 
and  storage  facilities.  In  making  our  surveys,  we  do  not  attaaQit  to  cover 
every  nut  and  bolt  or  go  into  every  detail;  howeve**,  we  do  review  all  oper¬ 
ations  which  are  in  progress  at  the  time  of  the  inapeetion,  survey  repre¬ 
sentative  storage  sites  to  insure  that  there  are  no  eonditiocs  existing 
which  would  cause  undue  loss  of  life  or  property,  and  we  point  out  assy 
violations  which  we  see  in  the  eouree  of  onr  survey.  With  out  inspeetore 
in  the  field,  reviswa  of  designs  and  plana,  if  poaelbls,  before  they  are 
placed  into  effect,  insuring  conformity  with  existing  criteria,  and  pro¬ 
viding  for  an  exchange  of  information  such  as  this  aadnar,  although  we 
cannot  prevent  all  property  damage  by  any  means  or  ellninste  sU  person¬ 
nel  casualties,  we  can  reduce  tremendously  the  treqeen^  of  incidents 
in  this  so-called  game  of  "playing  with  fire". 

Captain  Atkins  is  a  former  Mavy  nenbsr  of  tbs  ASBSB.  ^nos  takisg 
over  eoemumd  of  the  Naval  Propellant  Plant  and  altar  a  fan  problMB  of 
his  own,  he  diseusaed  with  as  ths  advlssbillty  of  hevisg  a  gst-togetbsr 
of  people  In  the  field  to  trsds  idsss  and  possibly  tansflt  fkon  It. 
Normally,  In  con^titlve  industry,  sons  peopls  would  not  fsel  hurt  in 
seeing  the  other  fellow's  plant  blown  up;  however.  In  this  eiqploBives 
industry,  «  safety  procedure  which  seres  the  other  fellow's  plant  can 
possibly  save  your  own  and  that  is  where  we  come  la.  The  idea  of  this 
conference  "grew  like  Topsy".  At  the  start,  our  ccneem  wee  wnether  we 
were  going  to  have  sufficient  quantity  and  quality  material  and  talent 
to  justify  this  seminar,  but  1  am  glad  to  say,  it  dlda't  take  us  very 
long  before  cur  mein  concern  was  over  having  too  madi  of  it.  As  far  as 
I  csn  seeartaln  now,  the  majority  of  suggssted  siAjaet  msttar  has  hsen 
Included  in  this  seminar.  With  such  s  list  of  snbjset  mattsr  as  we  have, 
snd  such  an  Imposing  array  of  talent  to  discuse  and  preeent  it,  we  are 
going  to  have  a  fairly  tight  schadule.  However,  at  the  start.  It  lodes 
like  we  will  be  able  to  cover  it  satisfactorily.  Jest  one  uni  ng 
arecdote  in  that  llnst 

I  once  heard  a  professor  of  public  speakiug  rsmarfc  that.  If  some¬ 
one  told  you  that  you  could  speak  for  one-half  hoer,  to  maka  it  twmty 
minutes,  if  for  twenty  minutes  make  it  ten,  and  if  someone  told  you 
to  speak  as  long  as  you  wanted,  make  it  five. 
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So,  sort  of  boar  Uiat  in  mind  as  we  go  through  the  major  details  of 
this  seminar.  Actually,  in  making  up  the  agenda,  we  hare  provided  for 
numerous  breaks  to  taka  in  a  little  of  the  slack  and  possibly,  we  can 
accomplish  much  in  infomal  discussions  between  individuals  during  breaks 
and  after  hours  on  rubjects  in  which  certain  people  axe  particularly 
interested.  Via  do  not  intend  to  settle  all  problems  at  this  sasdnar  fay 
any  means.  This  is  the  first  one  and  marely  a  bsjluirg  of  idiat  1  hope 
will  come  in  the  future.  Kich  of  the  material  in  this  seminar,  I  feel, 
will  be  unclassified;  however,  there  ore  instances  wh.-.'Y  classified 
material  will  be  dlscuaaed.  1  aaoume  that  all  of  you  nave  been  properly 
checked  in  now  on  your  security  clearance,  and  I  would  appreciata  it  if 
the  speakers  would  indicata  the  classification  when  thsy  present  aateglal 
that  18  higher  than  "unclassified*.  The  same  applies  to  dlseuasiona  by 
Individuala  from  the  floor*  Is  stated  in  tha  Agenda  fuj-wardlng  letter, 
where  speakers  have  formal  papers  to  present,  li  would  uelp  if  a  copy 
could  be  given  to  the  recorder.  Another  little  detailt  in  floor  dla- 
cussion'i  vrhicb  will  come,  I  wish  you  would  raise  your  hand,  wait  for 
the  mike,  end  when  you  get  the  mike  announce  your  naate  and  your  company. 

Now,  I  would  like  to  Introduce  the  following  individuals  who  will 
be  ny  assistants  and  "strong  right  azm"  during  tbs  proceedings t 

Hr.  ri.  F.  Karris,  Safety  Engineer,  ASESB. 

Mr.  Louis  Jesak,  OCO,  Department  of  the  Azvy. 

Hr.  H.  N.  Roylanee,  BuOrd,  Department  of  the  Navy. 

Mr.  D.  E.  Endaley,  OCS/Mat,  Department  of  the  Air  Forca* 

This  panel  will  aaaist  in  any  problems  and  diacusslona  which  come 
and  which,  I  hope,  will  lead  to  many  of  the  answers  you  want.  I  might 
add  that  these  four  people,  in  addition  to  being  my  "strong  rig^t  arm", 
were  largely  responsible  for  setting  up  what,  1  think,  is  a  very  effec¬ 
tive  agenda.  Because  of  other  problems  in  which  I  was  involved,  I 
could  not  get  into  the  minute  details  on  it,  and  Z  think  they  did  a  far 
better  job  on  it  without  my  detailed  oaslstanca.  I  certainly  want  to 
give  them  my  thanks,  sspecially  Mr.  Harris,  for  doiiig  all  the  aitalnlatra- 
tive  detail  in  working  up  this  agenda. 

Another  gentlemen,  important  by  his  presence  here,  la  Hr.  D.  E. 
Miller,  Office  of  the  General  Counsel,  Office  SecretaiT-  of  the  Amy. 

He  is  here  to  see  that  we  don't  fom  any  "cartels*  during  the  proceed¬ 
ings  and  to  defend  us  if  we  do.  Are  there  any  questloiu  from  anyone 
before  we  have  a  break,  and  then  get  on  with  the  main  proceedlngsT 

In  developing  the  agenda,  we  ueclded  that  the  beat  way  to  start 
would  be  with  an  historical  sketch  of  the  development  and  conditions 
existing  with  respect  to  propellants.  I  knew  sf  no  better-qualified 
person  to  handle  this  subject  than  Mr.  Henry  Marsh,  who  is  a  Board 
Consultant  on  whom  we  lean  heavily  for  guidance,  keeping  us  In  touch 
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'.rlth  civlLlan  Indus  try.  He  is  a  fomer  manager  of  iiM  aaoiceleas  Fowier 
Dl/ialon  of  the  Hercules  Powder  Company,  a  fomer  OatHEty  Asststast 
Secretaiy  of  the  Amy  for  Loglatics,  and  Is  Vice  of  the  toeri- 

can  Ordnance  Association,  and  in  charge  of  all  its  tedmlci^  ecasaLttees. 
I  say  this  with  due  honor  and  respe'*t.  that  he  is  am  of  tl»  dld-tiiM 
experts  in  the  field  and  literally  grew  an  -n  this  hestness.  I  hem 
asked  him  to  bring  us  up  along  the  rugged  road  wiues  ba  irfilsmadm 
Mr.  March. 

Mr.  Henry  N.  Marsh,  Vice  President.  Awerlcen  Ordnssee  Assoeiatlont 

Mr.  Chairman,  Captain  Atkins,  gentlemen:  It  me  se  esealleBt  ides  to 
get  this  fine  group  together  here  at  this  hlstorie  spot  to  dtseuss  some 
of  the  problems  that  arise  in  this  interesting  field  of  high>«nsrgy 
solid  propellants.  I  aa  delighted  to  see  so  ^  friends,  and  I 
hope  to  meet  the  many  new  feces  who  are  coning  into  tnxs  field.  I  also 
want  to  aet  you  straight.  An  error  in  the  prellnisexy  agenda  Ixated  me 
03  a  former  Vice  President  of  Hercules  Powdw  Cospasif.  I  hold  sneh  e 
job  in  the  American  Ordnance  Aseoclatlon,  but  naesr  did  at  Hercolea 
Powder  Con^any.  7o  get  in  a  plug  here,  1  sinmraSy  hoiw  that  eTexy 
person  in  the  room  who  is  not  new  a  member  of  tils  101  «i>X  Jets,  it,  and 
will  apply  for  appointment  to  serve  in  the  teehadeel  itfcrisions  and 
eectiona  which  are  so  aetirsly  engaged  in  helping  tte  Aimed  Services  in 
problems  connected  with  the  Space  Age.  Everyone  Is  the  rooe  maid  be 
interested,  either  in  the  activities  of  the  PropallsBt  and  fi^doslvee 
Section  of  the  Kateriels  Division  or  some  seetioi  of  the  Mtasiles  and 
Astronautics  Division. 

1  have  been  given  a  Job  of  resinleeing  a  bit  anest  prepdlsats* 

When  first  exposed  to  smokeless  powder  Ul  years  age,  «e  wove-  iimslTod 
in  World  War  I  and,  if  ly  memory  is  any  good,  them  were  four  or  five 
plants  active  -  Kenvil,  Carney's  Point,  Pieetiniy  asd  Vidian  Head  •> 
supplemented  before  the  war  ended  by  Onion  Powder  at  Perils,  Aetna  Plant 
at  Mt.  Onion,  Pennsylvania,  and  by  the  big  0.  S.  Rests  at  Old  iQ-okory, 
Tennessee  and  at  Nitro,  West  Virginia.  It  wee  ewtalnly  an  art  and  not 
a  science.  There  was  little  or  no  reeogniticn  of  risks  with  idiieh  we 
are  now  fanllier,  and  little  concern  for  proper  wtilstlos, 
proof  tools,  fire  resistant  clothing,  sUsinatlaB  of  atstde  hawardw, 
resote  controls,  limitation  on  cloel^  rates  of  pewwass,  «te.  We  hsvw 
leemsd,  throu^  bi  tter  experience,  about  the  saai  Car  attantioB  to 
such  matters.  Most  of  the  eseentiel  operating  peweadBras  aad  osgioei- 
tlons  were  eloeeiy-guarded  trade  seorwts,  and  wM3s  esrlrtent  wqpwiasce 
wee  exchanged,  it  woe  always  done  in  sstfi  fashlfls  ae  to  limit  inforse- 
tlon  on  know-how  end  process,  and  was  not  of  too  moA  use.  After 
World  War  I,  ws  went  throu^  that  wonderful  perioi  wten  It  was  agreed 
that  there  would  be  no  sore  were,  and  we  eeidc  sedi  ef  our  Heey  end 
scrapped  Old  Hickory,  Nitro,  end  Nt.  Union.  The  eSly  activity  of  note 
was  connercial  production  at  Camay's  Point  end  leniily  end  limited 
activity  at  Indl«in  Heed  end  Picetinny.  In  World  Wv  I»  the  U.  Z, 
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cannon  r'ovr'pr  wr.s  .ill  nyro  frm  12.6:^  nitrocellulose,  thour'n  Hercules 
rnHe  freat  tonnarea  of  cordite  for  tne  United  Kinr'’ari  under  a  one-pare 
contract  lirectinr  production  of  a  3ia"le  sire  In  uiiUrdtec'.  quantlty 
at  a  fixed  orice,  so  lonr  as  eristiniT  sources  of  acetone  vere  not 
touchcc,  file  "ajor  trouiile  vas  fire.  There  were  mixer  fires,  ''te 
learned  to  onen  vent  rorts  around  the  s<>aft  bearings  and  tried  to  elini- 
pate  tra*p  ".etal  fron  the  nitrocellulose,  and  wt  va.t  thin  leed  covers 
instead  of  heavy  steel  ones  on  the  -lixers  to  reduce  severity  of  "dxer 
shots,  .<e  tried  to  teach  x,he  nen  to  start  cresses  rlowly  to  Unit  com¬ 
pression  irnitlon.  V/e  started  to  improve  ventilation,  cartlcularly  in 
the  cutting’  rooms,  to  avoid  drunken  operators  at  the  end  of  the  shift. 

We  I urced  sc  nany  blender  towers  that  there  was  an  urre  to  nerfect  sane 
other  scheme,  bit  we  learned  to  do  tias  by  remote  control  and  United 
crews.  I  often  remember,  with  cold  chills,  watchinr  blue  fire  of 
static  nlaAT-rir  around  over  the  nowder  on  a  coU  rdrht  ct  the  top  of  the 
i  ieiider.  rhirinf;  the  uorind  bct’.?een  the  wars,  some  develoment  went  on 
and  DuPont  Perfected  FtJH  cannon  and  the  IMP  idfle  nowders  now  using 
13.1 5-13, nitrocellulose,  and  Hercules  made  the  first  sheet  nowder 
clvarres  by  a  solventless  process  for  the  trench  mortars.  Before  the  U,  S 
was  involved  directly  in  World  V/ar  II,  there  was  considerable  activity 
in  helnlny  Vationalist  China  flpht  with  Jaoan,  and  early  efforts  to 
help  the  "nited  Kiny"^0"  and  France,  at  the  Chickasaw  and  Eelvidere  plants 
Then  the  U.  3.  rot  underway  prorressively  with  Indiana  and  Radford,  and 
then  Alabama,  Ckluhona,  Sunflower,  Badger,  etc.  Soon  there  was  a  dif¬ 
ferent  atm.o3phere.  T'-«  real  need  of  n  itlorifi?  defense  started  a  free 
exch.anre  of  informotior.  on  comrositl or s,  professes,  and  equipment, 
through  the  industry  interratinr:  comitteen.  The  viall  was  breached,  and 
this  has  continued  ever  siiice  under  the  leadership  of  cur  hosts, ASSSB, 
and  throurh  OAC— a  re<ady  exchange  of  ariything  that  will  irT>TOve  safety. 

As  we  nrof  ress  further  into  the  present  field  of  hiph-enerpy  cempositions 
which  wii  will  discuss  here  today  and  tomorrow,  this  is  all  important  - 
let  no  one  hold  back  anythang  that  may  save  a  life  or  that  may  intensify 
our  effort.  There  hns  always  bean  and  will  always  be  differenues  of 
opinion  on  the  best  way  to  reach  a.  ^iven  roal.  In  each  case,  be  sure 
you  tell  us  the  advantages  of  your  way.  let  us  now  examine  the  field 
of  our  interest  and  some  of  the  places  we  should  !«  most  alert  for  pos¬ 
sible  trouble.  They  are  cVij  r.o  a  degree,  interconnected  but  lot's  look 
at  a  few  of  them; 

a.  The  introduction  of  new  and  different  ingredients. 

b.  The  Introduction  of  different  eqid.rment. 

c.  The  introduction  of  new  processes. 

d.  Scaling  up  to  rr.uch  larger  cquiment. 

Recognizing  the  cor.petitive  attitJide  that  is  inevitable  in  a  free  economy 
and  not  vriLshinr  to  point  a  finger  at  former  competitors,  most  all  of 
the  examples  that  I  may  use  to  Illustrate  a  ooint  will  ceme  from  past 
6XT>erience.  This  might  appear  to  indicate  thit  rlercules  was  not  as 
smart  as  others.  That  I  do  not  believe  even  though  like  all  the 
rest  of  you,  at  tir:es  have  been  guilty  of  overlooking  the  obvious  answer 
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iir.'icr  the  question  of  new  snd  different  In^edients,  r.vttry  effort  has 
iwen  '"nde  over  the  '’ears  to  find  a  safer,  better  liqfdd  exnloai'^e  In- 
rredient  than  strait^ht  nitroglycerin.  Many  h-ve  been  tried,  K-^arly 
evei-y  one  of  them  has  some  obvi  ous  advantage  but  as  an  eccnuoeicsl, 
hirh-ericrry  material,  it's  hard  to  beat.  Many  of  its  disadvantages 
have  ba^ji  ryrassed  bv  the  rerfect5.cn  oi  the  oofvtinn/ms  m  tT'af.or  and 
this,  in  turn,  has  been  recently  i.mproved  in  an-^thar  motor  resnect, 
Snouph  of  that.  A  rood  exnmrle  cane  in  the  earlier  mrenaratiorr  of 
triple  base  rrorell.'mt,  incorporatinp  liltroruanldJre  into  double  base 
nixes.  Fires  in  the  mixer  proceeded  almost  instantly  to  detenation. 

This  effect  does  not  last  long  after  the  crystals  hacone  sclvctjt  'rfst, 
but  during  the  period,  an  exnloslon  risk  exists.  For  this  reason,  re¬ 
mote  charging  and  operation  become  necessary.  A  sl-ilar  exoerience  cams 
in  .'jol ventless  sheet  manufacture.  A  certain  a-miirt  •■i'  thin-edme  trim 
"aterial  accumul.ated.  If  effort  was  made  to  reincorrerate  this,  material 
on  the  mi>inr  rolls  along  vrith  the  nor"al  feed  stock,  severe  shots  re¬ 
sulted.  The  solution— burning  the  material  is  the  econente  solution. 
Under  Class  P — ^use  of  different  ecuiTnent.  It  was  quite  obvious  that 
much  time  and  effort  night  be  saved  if  solvent  or  wlventless  rocket 
powder  could  be  worked  and  extruded  usir^r  a  rubber  or  plastic  T.ype  ex¬ 
truder  instead  of  ti-e  expensive  solventless  press.  This  ras  been  tried 
reneatedly  by  sever.il  different  companies.  The  longest  suecessfbl 
operation  so  far  has  only  been  a  matter  of  hours*  Ve  mentioned  earlier 
the  problems  that  arose  with  the  tower  blenders  that  denanded  th^r 
rec/lacemcnt.  Two  radically  different  solutions  haws  been  rerfected— 
one  by  DuPont,  using  a  low  tower  and  air  transport,  arid  or»  by  use  of 
sizable  cooper  blending  barrel,  by  Hercules,  The  records  of  both 
systems  have  been  reasonably  good.  The  use  of  ccntlnnaas  process  for 
making  nitroglycerin,  PSTN,  TNT,  and  RDX  had  many  advantages,  but  the 
development  was  marked  by  disaster  after  disaster.  Continued  effort 
has  solvec  these  problems  and  many  furUasr  iinpruversents  have  been  add¬ 
ed,  That  fundamental  Ingredient,  nitrocellulose,  has  always  been  made 
by  a  batch  process  until  about  three  years  ago.  It  was  hart  work  and, 
particularly  with  high-grade,  there  were  too  many  accidents.  Hercules 
has  recently  perfected  a  continuous  process,  more  eonpact,  less  haz¬ 
ardous  and  lower  exposure.  Three  men  now  do  ttie  work  previously  re- 
qid.rlr.g  Ui.  Under  Class  C— use  of  new  process.  I  will  cite  only  one 
hoiTlble  example.  In  the  marufactui'a  of  single  aase,  one  major  prob¬ 
lem  is  solvent  recovery.  Vflth  the  large  dwiands  that  denneloped  early 
in  World  War  II,  Hercules  introduced  an  witirely  seir  type  of  unit  of 
much  larger  capacity,  a  Class  D  type  of  problem  as  well.  It  was  put 
in  seim'ice  on  a  United  Kingdom  contract.  E.arly  la  its  use,  accidental 
ignition  occurred  in  one  of  the  units.  The  fire  lasted  abtmt  n.ve 
seconds  followed  by  3  or  I4  detonations  demolishing  the  plant  wt^i  large 
loss  of  life.  The  powder  involved  was  solvent  wst  single-base  powder 
for  8"  gun.  Now  what  were  the  differences  frcR  previoas  practices? 

The  unit  was  several  times  larger  than  previous  can,  high-grade  ni¬ 
trocellulose  was  used  -j.n  this  FNH  conposition,  and  the  unit  was  built 
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of  alunin’jF.  sheet  and  n  new  desipn.  In  the  sitbsequent  investigations 
the  answer  was  found.  It  'ras  none  of  thosa  thinps,  but  the  failure 
to  recopnize  in  the  new  desipn  that  th»re  was  much  preater  deoth  in 
the  r.ryinr  la:/er  than  before,  and  this,  coupled  with  imition  on  the 
Viottor.  of  the  j-aj-er  from  a  source  never  identified.  For  repetition, 
botton  iprdtion  was  essential  and  deoLh  of  layer  must  exceed  a  definite 
critical  point  which  varies  with  web,  tem. ;eratur-  ^  tyne  of  per¬ 
foration  and  calorific  value  of  composition.  Tepree  of  confinement 
seems  ♦j  have  no  influence.  World  VJar  II  saw  the  introduction  into 
the  U.  S,  of  the  first,  lartre-scalv  production  of  soivcr.tless  powder, 
only  known  tiefore  in  trench  mortar  charges  and  in  one  type  of  shotgun 
powder.  Techniques  for  this  were  built  ud  on  the  basis  of  one  small 
rroup  visit  to  the  United  Kingdom,  and  the  early  production  was  cursed 
witli  a  plethora  of  fires  so  that  Reader's  Digest  carried  an  article 
titled:  "Hell  Breaks  Loose  in  Kansas."  The  r;-:cord  or  roll  fires 
averaged  for  a  time  over  1,000  a  month.  High-speed  spiinklers  to  iiro- 
tect  the  MUi'ktfi's  ^lu  equip.iicriit,  i'a.iOte  cOiiti'Ol  Chuiwlii^,  Cuiiti'Ollod 

moisture  of  feed  stock,  and  elimination  of  certain  types  of  feed  stock 
presently  worked  the  fire  rate  on  this  enormous  plant  down  to  less  than 
30  a  month.  Flameproof  clothing  was  a  great  help.  Again  this  re¬ 
quired  the  design  and  operating  technique  for  an  entlrel.”  different  type 
of  press  and  the  present  determination  that  15"  diameter  baskets  were 
the  largest  'hat  could  be  economically  used,  so  7"  diameter  grain  is 
the  upper  limit,  and  preferably  a  bit  smaller.  And  now  we  are  in  an 
ar-^a  of  cast  and  composite  types  and  cast  composites  with  apparently  no 
upper  limit  on  size,  and  all  sorts  of  high-energy  combinations.  That's 
why  we  are  here  today  and  tomorrow.  Let's  exchange  ideas  freely  and 
hope  to  avoid  any  more  serlw-s  accidents. 

Captain  Jenkins :  Mr.  Marsh  mentioned  "the  hard  way".  The  thought  just 
occurre<L  to  me,  that  when  I  first  went  to  Dahlgrer.  in  1937,  they  hadn't 
had  a  fire  there  in  j’ears.  Ths  fire  department  was  very  inactive. 

Three  weeks  after  I  arrtved  there,  they  had  a  fire  in  the  shell  house, 

50  T  h?.d  «.  nnp  anH  t.h«&  wnv  PaHrf  n« . 

Chief  of  the  Explosives  Branch,  Technical  Division,  of  the  ASESB,  will 
possibly  contrast  some  of  Mr,  Marsh's  remarks  with  the  vastness  of  cur¬ 
rent  facilities.  You  hear  a  lot  of  talk  of  weapons  in  the  megatons 
and  multi -megaton  range  quite  frequently.  I'll  never  forget  my  anaro- 
ment  when  I  first  saw  a  rocket  motor  with  an  160,000  pound  thrust  and 
1  came  back  and  pictured  every  stowage  structure  as  having  a  weapon 
of  tliat  size  and  nature.  They  aren't  all  that  way,  but  recently  we  all 
think  in  terns  of  megatons  in  just  a  noimial  conversation, 

?ir.  R.  0.  PerKlns,  Chief.  Explosives  Branch.  Technical  Division.  ASSSBt 
Anything  that  I  would  say  after  the  opening  speeches  that  you  have 
heard  would  be  anticUnactic,  and  anything  I  wwld  say  addressed  to 
the  specific  subjects  of  the  agenda  would  be  excessively  presumpt¬ 
uous  of  me.  You  have  heard  Mr,  Marsh  dl-cuss  the  very  interesting 
history  of  the  development  of  solid  propellants  from  its  early  days  to 
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the  present.  You  all  know  that  the  solid  propellant  racket  has  de^ 
veloped  from  a  robust  younFster  not  too  different  from  tti<»e  of  Con¬ 
greve  and  the  ancient  Chinese  to  a  monster  of  power  atwT  nerformance 
which  is  beyond  anytidng  ever  dreamed  of  as  little  as  25  years  a^. 

In  years  rsast,  a  jest  that  one  had  ?s  much  chance  of  doing  something 
as  "poi  n?  to  the  moon”  was  considered  a  nrl'P  example  rf  low  prob¬ 
ability,  In  the  relatively  near  future  this  jest  will  ce»se  absolutely 
to  be  meani’ipfyl.  I’he  fact,  however,  that  you  people  ere,  and  in  the 
future  the  bripht  youngsters  of  people  present  here  to-^ay,  youngsters 
such  as  Butch  Roylance  and  Russel  Couch  for  examrle,  way  be  doing 
work  which  leads  to  human  exploration  of  outer  space  is  not  the  thing 
that  should  frirhten  us.  V/hot  should  be  a  major  source  of  concern  to 
us  is  the  fact  that  Ivan  Serree«ich  and  Nikolai  Iranovleh  are  or  will 
be  doing  the  same  thing  and  they  may  be  a  little  Ht  af-ead  of  us  right 
nov;.  Every  incident  we  have  involving  these  hii-n-enerry  propellants 
which  res'il  ts  in  property  damage,  loss  of  production,  or  injury  or 
deatli  to  persons  serves  to  degra''e  nur  capabili ty  by  a  certain  decree. 
Vie  of  tho  A3ESB  share  ■d.th  you  a  realiration  that  eonniete  absence 
of  hasard  is  probably  an  unattainable  utopia,  'fe  also  realise  that 
the  tremendous  technological  advances  of  the  past  few  years  h:  not 
created  a  proportional  increase  in  hazard.  They  have,  however,  created 
liasards  which  are  different  in  degree  and  type  from  those  we  used  to 
be  concerned  with.  For  example,  just  the  cnomoos  physleal  size  of 
the  units  now  being  c  nsidered  necessitdtes  use  of  hoisting,  handling, 
and  conveying  equipnent  of  t;/r>es  which  would  not  foiwerly  have  been 
approved  for  explosives  operations.  Due  to  nroerw.  urgencies,  the  lack 
of  specially-designed  equipment,  and  other  factors,  it  Is  fre^ently 
necessary  to  borrow  or  adapt  items  fren  other  industries  which  can  be 
used  on  emergency  basis.  Such  equipment  has  somettmes,  fortanately 
rarely,  been  a  source  of  untoward  incidents.  We  cannot  honestly  say 
that  every  propellant  incident  which  has  occurred  could  have  been  pre¬ 
vented.  Vfe  must,  however,  strive  to,  as  nearly  cs  possible,  eliminate 
all  of  those  which  could  fiave  been  prevented.  Now  lot  us  get  on  with 
the  bus’.ness  at  hand. 

Captain  Jenkinst  It  was  impressed  upon  my  mind  recently  how  large 
a  neealon  is.  In  terms  equivalent  of  TNT,  if  you  were  to  take  on? 
megaton  in  TUT  it  would  equal  a  string  of  b>xcars  fully  loaded 
stretching  here  from  Indian  Head  up  to  Philadclptea,  a  distance  of 
about  200  miles.  I  recently  lead  a  book  by  H.  E.  Co*  on  tha  "Science 
of  High  Explosives".  Possibly  some  of  you  are  fanillar  with  it.  He 
menti  oned  ea-rly  in  the  book  how  puny  we  are  when  it  cones  to  the  forces 
cf  nature.  He  mentioned  the  explosion  in  1883  in  Java  when  1  to  3 
ciibic  miles  of  dirt  was  pulverized  and  about  1  ciAic  mile  of  watwr 
was  vaporized  all  in  a  matter  cf  seconds.  They  had  figured  out  that 
the  amount  of  energy  which  it  took  to  do  that  job  would  be  the  equi¬ 
valent  of  5,000  megatons.  The  Service  representatlTBs,  Mr.  Roylance, 
Mr,  Endsley,  and  Mr.  Jezek,  brtefly,  are  going  to  tell  ynu  some  of 
the  nroblems  which  they  had  with  respect  to  their  own  Services 
in  the  manufacture  and  developnent  of  these  high-energy  solid  pro- 

11 

UNCLASSIFIED 


UNCLASSIFIED 


rialinjits.  1'  vrili  be  foiiowe<t  by  fir.  Hrinkiey  from  CRHSO.  Mr. 
P.oyinnca, 

Mr.  H.  M.  Roylano;,  Burepw  of  nrf<na"cei  *?3t.  Cteef  En^inear-MunitiLona; 
Oentlcuen;  I  am  not  iroinj'  to  po  into  detail  or  liot  tne  incidents 
which  liave  occurred  at  our  activitios  dui'i.'.r  rrcoessiw  o£  hi^h  energy 
oropellants.  We  have  had  oav  share  and  most  of  jcu  the  basic 
facts.  In  looklrM?  over  the  ASMSB  Accident  Surimary  Mo.  1,  which  vss 
•ivan  to  you  with  your  copy  of  the  alienee,  I  have  rc-ticed  an  inter- 
eatinr  trend.  I'm  'ure  that  this  publication  does  not  include  all 
I’li’es  .liid  exolosiona  wiiich  occurred  from  19!i6  to  March  of  1959»  how¬ 
ever,  it  13  a  pood  cross-section  and  can  be  used  to  Indicate  trends. 

Vou  veil  notice  that  fron  191^6  through  19'>0  there  were  5  or  less 
accidents  ner  year.  In  19^1  there  was  ?  "eci^ed  i’Jinp  to  15  accidents. 

I  an  not  positive,  but  believe  that  it  was  about  that  tine  that  we 
really  berm  extensive  vJor!<  on  the  hlph-enerey  nronellanta.  From  19?! 
throuph  19' 8  there  were  a  total  of  133  reported  incidents,  "his  is 
clnos  t  17  per  yar  which  is  about  three  every  two  months.  Tou  will 
also  notice  that  the  trend  is  downward  with  a  dron  from  twenty  in  19?,'5 
tx)  seven  in  1956,  IL  in  1957,  and  11  in  1958.  We  hone  that  this  semi¬ 
nar,  and  others  like  it,  will  be  instrumental  in  continuinf!  the  down¬ 
ward  trend. 

Mr,  C/us  S.  Sconony,  Safety  Bnpinwr,  Hill  AFB.  Utah? 

Before  I  berin  my  sumary  of  incidents,  I  will  describe  briefly  the 
nisaion  of  the  office  I  represent.  I  am  fron  the  Birectoraie  of 
Airmunitiois,  Cpden  Air  Material  Area,  generally  known  as  OCAMA. 

Tiiis  IHrectarate  is  I'Ocated  at  Hill  AFB  near  Ogden,  Utah,  anprijrl- 
mately  30  miles  north  of  Salt  Lake  City.  OOAMA  serves  as  the  am- 
"iunition  center  for  the  entire  Air  Force  and  provides  the  Air  Force 
with  technical  and  advisory  suoport  on  all  matters  pertaining  to 
explosive  safety.  Including  the  manufacturing  and  handling  of  high- 
energy  solid  propellants.  Because  of  our  collateral  responslbiltty 
in  safety,  we  are  vitally  Intarested  in  the  fxirpose  of  this  seminar 
and  wish  to  present  a  few  representative  incidents  that  occurred  in 
plants  manulacturir.g  lilgh-enerey  solid  propellants.  The  data  of 
thsKs  ir.nldmhg  were  taken  from  reports  received  by  our  office.  The 
dollar'  damage  range  of  these  Incidents  is  from  $50  to  as  high,  in 
one  case  only,  as  ?200,000.  Fortuna'tely  there  were  no  fatalities  in 
these  incidents.  For  yirposos  of  continuity,  these  incidents  are 
categoriaed  into  two  yroups*  Group  I.  Incidents  occurring  during 
the  manufacture  of  propellant  mixtures.  Uroup  II.  Incidents  occurring 
during  static  firing  and  d'urlng  other  tests  of  solid  propellant 
metors.  A  brief  analysis  of  the  probaole  causes  of  ■these  inciden-ts 
will  be  given.  Group  I.  The  majority  of  the  incidents  sunmarized 
in  tills  group  occurred  during  the  mixing  of  axmonluic  nitra'te  pro¬ 
pellants,  and  one  incident  involving  anrionlun  perchlorate  nrijcture. 

These  incidents  are  Us'ted  as  the  probable  causes: 

a.  Foreign  material  present  in  the  propellant  during  mixing. 

12 

UNCLASSIFIED 


UNCLASSIFIED 


m  A.  .  *  _  .J»  .  4«ft  n«lrA<«^pAi«IH-VM» 

AMO  xncxdant®  UX  XXX'IS  UX  m  o  t  M«.»W»«AAWW.  Mft  .w**— — > 

iRlxsr  during  the  propellant  airing  proceee.  In  both  of  these  InddeotSy 
smoke  was  obserrod  in  the  nlrer  bowl  by  operating  panoBO^  who  had 
entered  the  cell  to  sake  the  fourth  and  last  oxldlaar  addltioa  to  tho 
air.  In  one  case,  inrastlgation  reTsaled  a«tall  flat  ilbbaao  of  steal  In 
the  propellant  mtr,  which  caused  local  boC  ri>oto»  It  la  assy  prohabde 
that  heat  was  generated  by  the  irictlon  of  the  cv^  rSsbooe  cau^t  be» 
tween  the  mixer  bowl  and  the  blades*  Slnllar  rlbbooa  sf  atesl  ware  also 
found  on  the  canopy  abowe  tho  mixer.  These  steel  rttf^Mo  we«o  fomed 
when  holes  were  drilled  In  the  canopy  some  weeks  prior  to  the  Ind^irt. 
The  mixer  had  not  been  operated  for  approximately  three  aaeka  prior  to 
this  incident.  When  the  alxer  was  started  again.  It  la  probable  that 
the  vibration  of  the  machine  caused  these  ribbons  of  staal  to  fhXX  off 
the  canopy  into  tho  bowl  when  it  was  open.  The  orldie»r  jnn^Ilaiit 
screens  associated  with  this  mixer  were  checkau  and  fcrad  to  be  In 
good  condition.  This  fret  Indieatad  that  tramp  natal  was  not  liksly 
to  have  bean  introduced  during  oxidizer  additions*  Other  facets  of  ;' 
this  operation  wre  Inrestlgated  for  conditions  idilefa  ei^t  have  cw- 
tributed  to  this  incident.  Laboratory  analysis  for  tha  pzeaence  of 
perchlorates  were  negetlve;  mixer  bowl  end  bearing  taigioratnTea  were 
within  operating  requlrenente.  In  the  second  fire  Inctdeirc,  greoular 
ateel  particles  were  found  in  the  propellant  nix*  Scrap  nnrks  were 
found  in  the  bowl  and  on  the  blade  tips  of  the  nicer.  ImetigetioB 
indicated  that  maintenance  work  had  been  perfornad  in  the  sixer  bowl 
prior  to  the  incident;  therefore,  it  la  very  probaUa  that  tha  steel 
particles  were  left  in  the  bowl  during  the  maintenance  work.  Thta  tire 
occtirred  during  the  mixing  of  the  first  propellant  batch  aftar  the 
maintenance  work  was  coaqpleted.  Naasuransnta  takam  ef  the  eleacanees 
between  the  bowl  and  the  mixer  blades  were  found  to  be  eecnal;  there¬ 
fore,  eliminating  tha  consideration  of  the  possibili^  the  t^a  of 
the  alxer  blades  coeing  in  contact  with  the  bowl. 

b.  OecoBg)osition  of  amwoniun  diehronatc. 

Approximately  U98  pounds  of  aBoxaium  nitrate  propalliBi  was  bsiiig 
mixed  in  an  100-gallon  Baker-Pexkina  mlxar.  Operatiag  pereoonel 
entered  the  nixing  cell  end  added  99  pounds  of  oxidizer  with  aKoztln 
dlchrociate.  The  cell  was  than  ewacuatad  and  renote  cparatioii.  of  the 
mixer  was  started.  ImMdleteiy  following  tho  starts  of  the  nixsr, 
the  propellant  Ignited.  JnTeetlgation  of  swonts  prior  to  title  Inet- 
dent  Indicated  that  the  mixer  bowl  temperatures  wars  130"^,  bearliqf 
temneratnres  were  nornal,  alxer  blade  and  bowl  olsanneaa  wars  normal, 
no  maintenance  had  been  performed  on  the  nlxnr  prior  to  the  incident, 
and  no  natal  or  other  foreign  natarial  waa  found  la  the  inrepoUant 
nix.  The  packing  was  restored  ft^  all  fonr  of  the  sdmsr  Wlniie  riiafts 
and  Inspected.  There  was  no  erldsnca  that  tha  paddag  ^andn  wme 
the  source  of  the  fire  or  were  eren  orerheatad.  Ths  four  ^^ylatron" 
throat  bushings  were  inspected,  and  it  waa  found  that  tiie  left  rear 
blade  shaft  throat  bushing  had  bean  subjected  to  ta^Mritnree  ex¬ 
ceeding  its  melting  point.  The  reeldue  found  on  the  boel  aide 
of  this  bushing  was  analyzed  in  tho  laboratory.  The  sniLysis 
rerealed  tha  praaence  of  ammonium  nitrate  and  decoepeoad 
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detsralned.  It  is  very  posslDls  thjit  the  fflction  of  the  olzing  blades 
on  large  quantities  of  annonlun  dlchronate  and  oxldlser  can  produce 
local  hot  spote  sufficient  to  decot^sose  the  aamoniua  dlchroeiate  and 
initiate  a  fire.  The  incidents  just  described  inrolred  propellants 
consisting  of  80%  amonium  nitrate,  15%  co-^-jly^r  (binder) ,  y%  ea- 
moniun  dlohrcnate,  p].ns  the  reniainlng  Z%  of  other  addit-iccs. 

c.  Hot  spots  caused  by  high>frequeney  Tibraticn.'. 

The  following  incident  occurred  during  Uie  processing  of  a  perelilorate 
fonsulatloni  a  fire  occurred  during  deaeration  process  of  approxi¬ 
mately  2000  pounds  of  a  perchlorate  fomilatlon  in  the  easting  can. 

The  easting  can  containing  the  propellant  nix  is  •  cylindrical-shaped 
Tertical  tank  with  a  natal  strap  around  the  outside  eij  0:1131  erenee  of  the 
can.  The  two  ends  of  this  metal  str^  are  connected  to  air-aetlTsted 
Tlbratore.  Ikiring  the  deaeration  process  of  the  propellent  mix,  the 
casting  can  is  under  vacuum  and  is  vlbratad.  Vihen  ^  propellant  ignited, 
the  ensuing  pressure  build-up  within  the  vessel  esused  the  propellent  to 
erupt  out  of  the  vessel.  The  polyethylene  blow^iut  panel  was  taimed  out 
so  that  moat  of  the  flaae  was  vented  outside  the  mixer  bay.  This  investi¬ 
gation  indicated  hl^  and  loealisad  taeperaturea  (hot  spots)  gensratad 
on  the  side  of  the  easting  can  aithar  by  the  friction  between  the  veesel 
well  and  tha  vibrator  strep  or  by  tha  high-frequenqr  flaxing  of  the 
str^.  It  is,  therefore,  very  probeble  that  tha  fire  was  caused  by 
auto-lgnltion  of  the  propellant,  due  to  the  localised  hot  spots,  in 
experiment  was  conducted  to  slnnlate  the  conditions  that  caneed  the 
fire.  The  deaerator  can  wee  filled  with  cotton  rage  to  the  estimated 
propellent  level  at  tha  time  of  the  fire.  The  can  was  then  vibrated} 
in  a  short  period  of  tine,  the  rags  ignited.  Teaq^erataree  at  the  local 
hot  spots  were  astimeted  at  approximately  A  new  vibrator  strap 

has  been  designed  01  sufficient  rigidity  to  prevent  localised  flexing. 
Tests  conducted  using  tha  new  vibrator  straps  Indicated  no  serionn 
localised  heating.  There  were  three  other  incidents  in  the  Belcsr- 
Perklns  mixer  involving  fomilaticns  of  ammonium  nitrate,  in  idilch  the 
cause  of  the  fire  could  not  bo  determined.  Approximetely  U70  pounds 
of  propellant  ware  in  the  mixer,  ell  the  addlULone  of  the  raw  materials 
had  been  made,  end  the  mixing  was  proceeding  according  to  operating 
procedures.  During  all  three  of  ^ese  Incidents,  e  moffled,  rumbling 
noise  was  heard  by  tha  operating  personnel,  followed  by  the  sound  of 
the  building  siren  that  was  actuated  by  the  fire  deteetion  ai>paratas. 

The  Investigation  following  these  fires  revealed  no  maehanleal  defects 
in  the  mixer  end  no  deviation  trm  grating  proeednresi  mlxar  abaft 
baarlng  and  bowl  tenporatures  ware  normal.  Laboratory  analysis  did 
net  Indicate  the  presence  of  perchlorates  in  the  propellent  mlxtura 
nor  chemical  decomposition  of  the  eionium  dichroiute.  Inveetlgation 
of  the  oxldlser  pulveriser  screens  showed  no  damage  or  tears;  there¬ 
fore,  It  is  Imtirobeble  that  tramp  mate],  or  other  foreign  BSterlal  wee 
present  in  the  oxldlser.  After  these  incidents,  wberain  no  cause  could 
be  determined,  tha  following  reoamundet.ions  were  adopted  in  order  to 
isqirove  the  safety  of  the  operatic  t 
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and  for  otLier  met&l  items  that  could  inadvertently  enter  'tee  sstxsr. 

2.  Every  cell  should  be  inspected  for  tramp  netail  moA  eteer  foreign 
material  and  be  removed  from  tnt  irji'*1dtng.  thle  inapecM.<H»  Mill 
be  parfoiTBGd  before  every  batch  mix. 

3.  Dummy  propellant  is  to  be  run  in  all  Hirers  to  »»ce  certain  they 
are  In  operating  condition  *nd  that  the  :^»«r  CLales  da  not  con¬ 
tact  the  mixer  bowl. 

U,  The  pulveriser  screens  where  ammonitaa  nltrste  is  greausi  are  ■to 
be  inspected  twice  during  a  shift  for  tears  to  pr'^nt  addition 
of  foreign  material  to  the  propellant  nix. 

“>00?  II  incldente.  This  second  portion  of  the  report  is  a  smwijry 
of  the  abnormal  Incidenta  which  occurred  during  static  fire  testing 
or  environmental  tes'tlng.  The  type  propellants  used  were  formula¬ 
tions  of  cast  ammonium  perchlorate.  The  motor  eases  iff  re  hydro  te'^ted 
at  2,250  psi.  These  incidents  are  grouped  according  rr-  the  type 
of  failure  that  occurred  and  'the  probable  cause  of  the  incident  tA  th 
a  brief  descrlp'tion  of  the  propellant  focmulaticn. 

A.  Notale  Ejections.  Three  motors  ejected  the  aosslea  wi»n  tee 
safety  release  rings  failed  at  pressures  of  1,500  -  1,60C  ped. 

In  each  case  the  failure  wae  attributed  to  ap  increese  In  the 
burning  area  of  the  propellant  grain.  This  was  caured  by  poor 
propellant- to-llner  bonding.  Ejections  oceerred  during  tea 
first  1/2  second  after  ignition.  The  propdlant  eanslated  of 

a  polyurethane  fuel  containing  68%  A.P.  12^  alundsaB  powder. 

Two  additional  motors  using  the  same  propellant  ejected  nozzles 
at  1,330  psi.  Ejections  occurred  at  ignition,  and  tela  is  at¬ 
tributed  to  fatigue  failure  of  the  release  rl^.  All  grains 
were  tubular.  Internal  and  end-burning. 

B.  Gaa  Leakage.  One  motor,  using  polyureteaaa  base  propellant 
contain.ng  70^  anmionium  perchlorate,  'i%  atednua,  and  ^  Boron 
burned  terough  and  completely  eroded  the  ignite  plus* 
igniters  are  Installed  In  the  forward  head  site  an  insulated 
center  poet  type  electrode.  Oas  leakage  at  the  ^eetrode  is 
attributed  Ui  Improper  installation  during  igniter  assentOy. 

This  unit  contained  a  slotted  tube-type  eoBflgir*atlon  mite 
burning  surf^ices  being  internal.  Pressure  ]d.ug  gas  leakage 
also  caused  another  unit,  wlte  the  smm  eontlgaratioa,  to  bum 
away  50%  of  tee  forward  head.  The  prepeUant  used  in  this  unit 
was  a  polybutadlene-acryllc  acid  binder  eoetainlng  7S%  A.  P. 
and  20%  alianlnum.  Exact  cause  of  this  fallnre  is  uhknswn. 
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Case  ruptures,  ‘fhrea  units  ajspted  both  nozzles  and  a  inch 
secUon  Iron  the  aft  end  of  the  case,  fhsse  units  contained  end- 
burnltvE  grains  cast  from  a  polyurethane-based  propellant  con¬ 
taining  6P)%  A.  P.  and  12^  aluminun.  In  each  case,  the  burning 
tine  before  case  rupture  was  5-7  seconds  atxl  burst  pressures 
ware  fron  1,800  to  1,900  pal.  Those  luiits  were  being  used  for 
case  liner  evaluation  tests.  The  cause  of  excesrl/-?  pressure 
was  attributed  to  propellant-to-graln  bond  falluri}  resulting  in 
an  Increased  bui'nlng  area.  Another  case  rupturor  vas  ezperlsnced 
with  a  polybutadiene  acrylic  add-besed  propellant  containing 
7S%  A.  P.,  16X  alunlnna,  and  Ut  copper  chrodte.  Case  rupt'jre 
occtirred  at  2,h00  pal  approzlnately  .55  seconds  Iter  Ignition. 
Propellant-to-case  wall  bond  failure,  resulting  in  approximately 
50;l  Increase  In  burning  surface  is  believed  to  hs*r  caused  the 
^■assure  Increase.  The  next  two  incidents  that  I  shall  discuss 
inrolved  extruded  amonium  nitrate  propellant  graina.  A  actor 
mounted  on  the  test  stand  was  flrsd  with  an  experimental  1,200 
gram  igniter.  At  about  150  mlUlsecenda  after  the  motor  fired, 
the  head  cane  off  the  motor,  and  the  motor  base  pulled  loose 
from  the  stand.  A  partlm  of  the  motor  liner  remained  in  the 
case  and  continued  to  bum.  After  apTroxlmately  15  seconds, 
most  of  the  propellant  which  was  on  fire  burned  out.  There  were 
two  probable  causes .  The  igniter  blset  thrsv*  igniter  material 
like  a  ahot-gun  blast,  causing  (1)  propellant  break-up  due  to 
the  shock  of  ignitLoo,  or  (2)  axtrnsely  high  burning  rata  of  the 
igniter.  IVeesure  readings  taken  frm  inotrasent  traces  in¬ 
dicated  a  large  pressure  drop  from  fore  U,  aft  of  motor,  indicat¬ 
ing  a  large  area  of  propellant  burning  in  the  forward  s^  of  the 
motor.  TUa  motor  contained  approxmately  2,9liO  pounds  of  ■■aonins 
nitrate  formulatlcn.  Tbs  igniter  contained  potassium  perchlorats 
with  tbs  following  additioost  aluminum,  zirconium,  and  nickel. 

It  is  possible  that  tfala  igniter  with  1,200  grams  In  one  sack, 
intended  to  "ehot  gun  hlaet*  ths  propellant  for  ignittoo,  is 
unsatisfaetory.  Further  use  of  this  type  igniter  was  discon¬ 
tinued.  The  other  Incident  occurred  with  a  12ic«paQnd  extruded 
ammonium  nitrate  propellant  grain  supported  in  tte  motor  case 
by  robber  pads.  The  motor  was  rmov^  fTan  ths  hot  conditlsn- 
ing  cell  of  175”  F,  and  placed  in  the  sitrating  box  for  testing 
up  to  5  g'e.  The  motor  ease  was  positioned  in  a  parallel  plane 
with  the  direction  of  motions  of  the  vlfaratlng  eell.  Approximately 
15  minutes  after  the  vibration  started,  an  explosion  occurred. 

^  frangible  wall  of  the  test  cell  wns  eoaipletely  blown  out. 

The  motor  caee  ruptured  on  Ite  longitudinal  sods,  and  broken 
propellant  grain  was  found  soattered.  approxlnateiy  90  -  100  feet 
away  from  the  test  cell. 

Irobable  causet  Qm  vibrations  caused  ths  grain  to  shift  in  tha 
ease,  producing  local  hot  spots  between  the  grain  and  the  motor 
case.  The  breaking  up  and  wide  scattering  of  the  propellant 
grain  substantiates  this  eonclualon.  Then  was  no  igniter  Installed 
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in  this  motor. 

Hr«  William  Halto.  Ctiiaf,  Procaas  PoTClopment  D>pmrt»Bgt,  Hedatonm 
PiTlwion.  Thiokol  Chomleal  Corporatloat  Tou  lasottoBed  tbs  fir«f 
spoclflcallx  an  Insicnca  which  hAppanei  in  the  Beker-^nfclBS  mizar. 
Was  this  In  the  mixer? 

Hr.  Econoeqrt  Perhaps  I  should  clarify  this  fortter*  tee  tixtt  oc¬ 
curred  In  tJM  propellent  mix  idiich  was  In  the  Sakeiy-r'~:j[iaa  adzar. 

The  co^Msition  was  ammonium  nltrata  propellant. 

Hr.  Halts {  What  was  the  cause? 

Mr.  Economy*  These  particular  fires^  the7  beliSTC.  wer?  eansed  bjr 
local  hot  spots  due  to  the  metal  particles  found  In  the  propellant 
mixture  and  they  believed  ths  particles  were  cag^t  betMua  the  mixer 
bowl  and  the  blades  during  ths  time  the  mixer  blades  were  in  rotation. 
They  found  scrape  marks  tdiich  would  align  betwoM  the  failadsa  and  the 
mixer  bowl.  I  baee  more  details  I  can  furnish.  I  have  tbsm  at  ths 
hotel. 

Mr.  Louis  Jesek.  Safety  Engineer.  Office  Chief  of  CWnaneei  SLneo 
Januaxy  I9U64  or  Just  about  the  time  when  some  of  as  wero  rotaning  to 
cirlllaa  life  from  World  War  ZI,  tha  Arwy  Ordnaaea  Corps  has  azper- 
ienoed  IL  major  incidents  while  menufecturing  or  tastl^  propellaata 
for  large-iSise  rockets  or  nissilss.  Thsae  lu  asjor  iasidsnts  caosod 
10  people  to  be  Injured,  6  fatalltiee,  and  prepartgr  dange  totaling 
many  thousands  of  doUan.  Since  19So,  bowerer.  It  la  aaoniraglng  to 
note  that  only  one  fatal  accident  has  bean  reported  as  a  racult  of 
rocket  propellent  manufaetaring.  This  accident  occurred  on  a  pilot 
line  and  InrolTsd  an  experimental  tjrpt  of  propellant.  Several  of 
these  major  Ineldente  were  published  in  the  fom  of  Aiuy  Ordnance 
Safe^  Abstract  Reports.  For  the  benefit  of  the  r^resentativee  who 
are  here  from  private  industry  and  may  not  be  ftnlliar  with  safety 
abstract  reports,  copies  will  be  available  after  tiie  next  break. 

The  siq>pty  of  these  reports  is  limited  and  It  would  be  appreciated 
If  only  one  copy  for  each  flzn  le  taken.  The  Aaqr,  levy  and  Air  Force 
ere  on  the  distributloa  list  to  receive  these  npe^,  and  eepise 
should  be  available  at  their  hone  stations.  Kr.  Barry  Brinkley  Sroa 
the  lass'  Ordnance  Field  Safety  Office,  will  now  abow  yoe  alidsa  end 
he  will  dleeusa  soee  of  the  incidents  involving  rocket  prapallants 
that  have  occurred  at  Anc  Ordnance  InstaUatlaae. 

Mr.  Harry  1.  Brinkley.  SupervlsoiT  Safety  Bari  near,  attteenee  Field 
Safety  Officer  Rocket  Extrusion  Aress  Incidents.  Latelligaat  safety 
work  Ln  a3q>lo8lTes  and  prcpcUants  requires  a  Vneeledge  of  what  to 
expect  of  than  under  various  oonditiona.  Unfrartenatety,  aoma  of  this 
sjqperienee  is  acquired  through  the  nsdiun  of  aeddeata  which  involve 
the  loss  of  life  and  property.  Therefore,  safety  ptecantians  are 
nsijally  bom  In  an  accident. 
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During  the  next  sexeraLl  alnuteS)  X  will  glee  yoa  aom  lasaona  learned  fhom 
exploslree  Incidenta  InrolTlng  rocket  propellant  extmaicn  preeaea,  with¬ 
out  ti'ie  nrosaniiy  and  obvloua  diaadrantege  of  axpoaing  your  Installation 
and  you  to  a  aeriona  incident.  Seren  e^qilaalTS  incidents  inrolTicg 
rocket  presses  hare  occurred  at  Ordnance  Installations  during  the  past 
eight  years.  I  appreciate  this  opportunity  of  describing  sereral  of  these 
incidents  which  1  hope  will  assist  you  in  oltninlog  a  better  nnderstanding 
of  the  potential  haaards  tdian  extruding  rocket  propelientc.  First,  1 
want  to  state  that  there  has  not  been  a  single  injury  resulting  free  the 
rocket  press  accidents,  although  the  loss  of  proper^  «nd  eqolpasnt  was 
high  in  sereral  instances.  This  xs  a  tribute  to  the  design  and  safuty 
engineers  who  desigtMd  the  R.  0.  Wood  type  rocket  presses  and  ths  faci- 
Utlea  which  hare  prorldsd  positire  personnel  protection  to  the  operating 
personnel.  The  first  secidsnt  I  would  like  to  describe  is  sn  eiploslon 
snd  fire  which  occurred  6  Dseenber  1951*  dFK.  a  dcuhls-baae  sdlTentlaas 
propellant  containing  SlX  nltroealluloae  and  km  nitroglycerin,  was  being 
extndsd  at  one-half  inch  par  sinuto.  The  press  eoDtalnsd  a  heel  of  pro¬ 
pellant  (which  was  in  place  orernlght}  plus  1  carpet  roll,  cr  &  total  of 
8o  pounds  of  propellant.  The  press  had  been  down  16  hours.  1  noraal 
Tacuum  (10  am  of  aaroury)  was  drawn  on  tha  press  basket,  and  tbs  raa  was 
started  forward.  The  preasura  built  up  rapidly,  and  fell  rapidly,  and 
started  again  when  the  shot  ooeurrsd.  The  SOP  had  been  followed,  snd 
the  press  was  In  good  ■rt**h***'*^n1  ecodltion.  The  pressure  was  2100  psi 
at  the  tiaa  of  the  explosion.  Sxanlnatlan  of  the  vaeuua  flaps  after  the 
explosion  showed  perforations  in  the  flaps  with  the  sdgss  of  the  perfore- 
tions  extended  out  frcai  tbs  raa  head.  These  perforatioos  were  ^ppaxwntly 
caused  by  the  raenua  plugs  being  forced  through  tbo  flaps.  This  indicated 
that  the  detonation  started  in  the  racna  aystea  and  propagated  to  the 
preas  baakat.  A  large  percentage  of  the  carpet  roll  and  powder  heel  was 
found  scattered  in  the  aurrounding  area.  Fixe  fjroa  the  vplosion 
dasiroyed  tha  wooden  section  of  the  preas  bay.  Tbs  daaaga  was  astlaatad 
at  $17,000.  The  raeoaaendationa  aada  ware  tot 

1.  Clean  the  raeuna  aystea  every  30  days  with  acetone. 

2.  Replace  copper  tubing  in  the  tbcuus  ayalaiit  with  rubber  tubing. 

3.  Msintenasco  checks  tc  be  Bade  STory  500  extrueioos.  or  ovety 
30  days,  whlohaver  occurs  first. 

U.  All  hot  water  beaters  on  elrt-uleting  systeas  to  be  shat  off  If 
the  press  is  to  be  down  for  aore  than  6  hours. 

Tha  aeeond  incident  to  be  described  iuTolTlng  the  oonrentional  l5-inoh 
R.  D.  Vood  type  solrantlsss  extrusion  presses  ooeurrsd  on  21  Koveabsr 
1956.  Psrsonnsl  ware  conducting  a  "waxing  out*  operation.  The  press 
had  operated  noraally  as  svidenoed  by  150  etapleted  extrusions.  The 
press  hsd  been  overstroked  snd  losdsd  with  36  pounds  of  csndslllla 
wax  snd  the  norasl  waxing  out  process  bad  begun.  The  press  had  pssssd 
through  approach  and  eonsolidatlen  speed,  snd  had  entered  extrusion 
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apaed  reaching  approxliaateljr  1200  pal  preasura  afcsn  tha  eegilasioa  occurred. 
There  vr  a  annroTlmately  30  pousda  ot  M16  propellcBt  is  tte  praaa  at  tiaa 
of  exploalon.  The  ah*ar  plate  did  not  function  as  da^gped.  The  eatl'- 
mated  danage  rrca  the  exploalon  and  fire  van  $38«aOO.  Vaeuai  i^ataet  la 
shut  off  during  waxing  out  oparatloQ.  Infuatlgattcw  lawsailed  iSi»  follow¬ 
ing  as  the  moat  probable  cauaea  of  tne  crploaloat 

1.  idlabatle  campraaalon  of  air  entrapped  ia  Hift  wx  or  la  the 
basket  of  the  press  aey  have  produced  a  "hot  apotf  In  ttaa  vac  or  at  the 
Interface  between  the  wax  and  prcpallant. 

2.  Propellant  nay  have  escaped  past  the  appcMcfa  seal  ring  into  the 
cavity  between  the  approach  and  the  basket  of  the  ^sa  during  prevloua 
extrusion,  and  nay  have  been  Initiated  by  frlctlfla  or  rsaa  oth«r  ■oana. 

3.  The  die  plate  aaaeably  which  had  bacn  aBajected  to  a  prevloua 
exploalon  may  have  been  overatreased  during  that  aaqtioslon,  and  upon 
rapeatad  application  of  pressure  over  a  period  tC  tiaa,  may  have  failed 
at  one  or  more  pointa  around  its  perljidieiy. 

Reco—endatlona  for  correction  and  prevention  iaedadet 

1.  Kagnaflux  or  equal  aiqr  critical  part  of  a  preas  that  baa  baan 
subjected  to  the  force  of  a  major  azploslon. 

2.  Wax  uaed  in  the  waxins  cut  operation  net  ha  rauaad. 

3.  The  ^proaoh  jaal  ring  be  redeei^aed  te  iaenrm  that  it  remains 
in  place  to  prevent  eee^  of  propellant  Into  tha  esvity  betwaan  the  ^ 
proaeb  and  the  baakat  dnidng  nomal  operation. 

U.  Wax  be  east  In  cylindrleal  disks  of  such  di  Master  as  to  afford 
the  ninlBun  acceptable  clearances,  and  that  dlste  of  wax  do ;  not  emtain 
boles  or  air  pockets. 

The  third  and  final  selected  incident  oeeuired  23  Nnrefa  19$7  daring  a 
prQ;nellant  extrusion  operation  involving  spproziaatejiy  600  pauada  pro¬ 
pellant.  Propellant  was  being  extruded  firem  a  35-lMh  K.  B.  Hood  type 
press  Into  a  Bamold  being  conducted  in  eanneetiaa  with  an  mduatrial 
engineering  project.  The  press  had  baan  "beelad  ia*  bgr  1000  hoars  by 
leaving  the  equivalent  of  f  carpet  rolls  (266  psaede)  la  tha  preaa  os 
a  heal  for  the  Hike  grain.  At  ^roriaat^  3620  hoov,  tha  operators 
had  completed  four  extrualcoa  of  3  carpet  roUa  each,  oad  than  leaded 
the  preaa  with  ?.  carpet  rolls  In  order  to  obtaia  the  daeired  groin 
weight.  The  engineers  entered  the  control  rooa  aad  arterted  the  preas. 

The  press  entered  its  cycle  and  went  tfarou^  the  eoaeolidatioa  qiead 
cycle,  entered  extruding  speed,  and  reached  appnadnatdly-  2^0  pounds 
of  pressure,  with  2  inches  of  propellent  to  be  eatmded,  Nten  tha 
axplosicD  occurred  at  ipproxlnately  1632  hours.  Only  a  auU  aaount 
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cf  the  liiTolTed  propellant  (800  pounds)  fixed  vlthln  the  ■eehanlea. 

The  hydraulic  oil  fired  on  ruptun  of  h^renlie  lines.  Tbs  estlnated 
damage  fron  the  explosluit  and  firs  was  *122,600  to  the  frame  structure 
and  equipnent.  Inveetlgatioa  indicated  the  explosion  initiated  in  ths 
die  aasenbly.  The  probable  canse  ;>f  the  exploslo:  was  das  to  ons  or  a 
eomblnation  of  the  following.  In  vhi.ch  iia<BS  ?  and  2  appear  to  be  the 
most  probable. 

1.  Frictional  heat  or  pinching  of  propellant  fr.  ths  die  assambxy 
resulting  fron  morenent  of  one  or  more  shoes  of  tbs  jack  screw  assemblies 

2.  Sheared  tension  bolts  —  propellant  majr  haw  eseapad  through 
opening. 

3.  Michanieal  failure  of  the  press. 

U.  Misaligment  of  the  Bamold  press  assssbljr. 

5.  Hatsl  fatigos. 

6.  Foreign  aaterial. 

7.  ignition  of  propallant  ■flash*  dne  to  astsl>to>mstsl  contact. 
RecoMendstioBS  for  correction  and  praeention  include  t 

1.  The  die  stake  adapter  and  die  approach  plate  will  be  radeeigned 
and  built  to  support  the  stake  nose  piece  integrallj  with  the  die,  eli¬ 
minating  the  three  jack  aerewe. 

2.  Preaent  type  hydraulic  eila  will  be  replaced  with  oUa  of  a 
higher  ipiltion  point,  or  synthetie  oils  of  s  3on>«onbustibls  iTpe* 

3.  Saddls  will  bs  installed  to  gire  preeaea  more  base  aupport. 

U«  Kydranlle  piping  to  ths  press  will  be  proridsd  with  either  an 
expansion  loop  or  flexible  base  to  prevent  line  breakage. 

5.  All  sqnlpmsnt  not  laMdistely  noodsd  for  ths  operation  will 
be  kept  out  of  the  area  in  front  of  the  prase. 

Horisontsl  15-Ineh  R.  0.  Wood  type  prase  seddants  were  bellersd  caused 
by  one  or  a  eembinstion  of  the  followingt 

1.  Mstal-to-metal  contact  to  thin  or  no  flash  of  propellant 
between  basket  wall  of  preas  and  rm  head.  Tolarancss  wars  sere  at 
certain  points. 

2.  Adiabatic  eoig)reaai«i.  Air  trapped  In  propellant  or  press 
not  removed  by  vacuun  pu^ps  and  the  air  under  ram  pressure  hasted  by 
coapression,  tbs  hast  causing  nltroglyesrln  •npon  to  bs  dstonstad  ty 
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adiabatic  conpraaalon. 

3*  Hetal  in  earpat  rolls. 

U.  Nltroglyesrln  condansats  In  the  Taeuma  aiataa. 

5.  Metal  fatigsa. 

6.  Mechanical  fallura  in  prase  operation, 

7.  Personnel  failure. 

8.  Frictional  heat. 

k  studx  and  araluatioD  of  rocket  propaUant  prase  iiiei<Vnts  reveal*  th* 
following  slallar  charactarlstlest 

1.  Mo  danage  to  adjacent  faellitlas. 

2.  Mo  inJnrl'C’  to  assigned  parsonnal. 

3.  The  hydraulic  line  broke  or  ruptured. 

b.  The  press  nofod  back  and  off  the  oradlaB. 

5.  The  die  and  holder  eere  projected  trm  the  prase. 

6.  Mo  daflnlta  cenes  daterednsd;  however*  the  fdllowiag  asplostone 
recorded  could  have  resulted  Trom  the  eonditioo  liatedt 

Incident  of  6  Dece^>er  1951  •  nitrogljreeiia  la  veeuni  line. 
Incident  of  19  Saptaaibar  1953  ~  nitroglyeeria  eondeneetion 

in  die  seal  ring. 

Incident  of  6  Saptaabar  1955  •  unknown. 

Incident  of  12  O^bar  1955  •  unknoeo. 

Incident  of  1  April  1953  *  ran  head  unerreeeil. 

Incident  of  21  Rovesbar  1^6  -  sechanleeT  feiliire. 

Incident  of  23  March  1959  •  frictional  heat. 

7.  Safa^  factors  which  had  been  incorporated  la  Uis  design  and 
eons  traction  of  the  press  house  functioned  as  intaadsd*  confining  the 
dasags  to  the  fkwe  portion  of  the  boildiag. 

8.  Safety  fantore  incorporated  in  ths  desi^j*  and  eonetmetioo 
of  the  press  functiojsd  as  intendsdi  i.e.*  shear  ring  sheared  szeept 

in  the  incident  of  21  Movooiber  1956*  whioh  was  dee  to  aenhenlrsl  failure 
of  the  press*  based  mi  prevloos  aalntenenes  records. 

9.  There  wee  no  eridence  that  standing  epsrsUag  proeedsres  vers 
violated. 
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Capt^n  JenJdnat  It  Is  good  to  "air  som  of  your  own  dirt/  linso"  and 
sapscislly  for  the  Ordnance  Corps  to  air  theirs  la  a  vlrld  Banner*  To^i 
people  felt  /ou  had  aost  of  /oar  trouble  in  /our  presses  and  in  thise 
tlinel/  reconnendatlons  /oa  hare  giTsn>  and  I  hope  that  h;  "■Iring  this 
linen*  m  can  "keep  aoeie  of  oar  own  elesn"*  Mr*  MUlin  of  the  Mlnnssota 
Mining  and  Manufacturing  Company ,  else  had  err>*  "dirty  clothes*  he  was 
going  to  glTB  os*  Us  will  hold  that  until  after  lunch*  H*nildn't  it  be 
better  co  go  over  on  tljae.  Captain  Atkins?  Wa  haea  sane  questions  hsrSf 
out  I  think  what  we  will  do  la  this.  If  an/  of  you  peo.?ls  hare  particu¬ 
lar  qucatlona  to  ask  and  Inquire  sLoat,  asaemble  here  abont  tan  nlnntea 
to  one.  Can  you  be  back,  Mr.  Brinkley,  by  ten  ninutes  to  one?  hit  bin 
any  particular  queetions  about  these  incidents  which  be  has  aantloned, 
and  that  will  give  you  other  gentlemen  a  chance  to  eak  questions. 

Mr.  Millan,  would  that  bs  all  ri^t  for  you  to  teks  thsfc«  up  after  lunch? 
Thank  you  very  nuoh.  For  those  of  you  who  have  a  partl'*'klar  Interest  in 
this,  cone  back  about  ten  minutes  to  one  and  we  will  start  tlte  ball  roll¬ 
ing  again.  Thank  you. 


(lonch  period) 

Mr.  Halts  t  Solid  propellants  are  besicelly  high-energy  Bixt4ires  of  a  fuel 
and  ozidlMr  which,  aftor  certain  proeees  steps,  ere  a  solid  nese  poososs- 
Ing  sufficient  physical  strength  and  ■achanleal  propertlae  consiatent  with 
the  mennar  In  which  they  are  used*  Because  of  their  eeiqweition,  combus¬ 
tion  progresses  In  the  absence  of  sir  or  other  sxtsnudly  supplied  ortdiier. 
Foe  fuel  and  o:ddiser  may  bs  ehemieslly  bound  or  in  solaUcn,  as  in  single 
and  double  base  propellants,  or  they  may  be  chemically  seperate  sntitlss 
eonaietlng  of  s  generally  slaatcmerlc  foal  and  one  or  more  erystsUins  in¬ 
organic  salte.  Other  ingredients  are  normally  added  to  ijq>art  and  control 
desired  phyalcsl  and  balUatie  charsetsriaties  to  the  propellant.  The 
particular  cheBd.cal  and  phyelesl  dlffsrsnoss  of  the  propellants  being 
developed  and  nanufactursd  require  a  variety  of  prooess  methods*  Tbsss 
methods  can  bs  ostalogusd  into  five  major  functional  proeossoe  —  rev 
material  preparatlcn.  mixing,  deaeration,  casting,  and  curing.  A  discus¬ 
sion  of  the  application  of  these  processes  in  propellant  manufaeture 
foUowat 

Raw  Material  M^paratlon. 

Ingredients  which  are  to  be  mixed  In  their  natural  forms  may  requi'^ 
treatamot  to  control  the  amount  of  moleturo  or  gas  present,  that  ia  residual 
in  manafaeture  or  absorbed  daring  storage.  Other  Ingredients,  primarily 
eiTv^talllna  oxldlasrs,  may  require  drying,  Borssning,  blending,  and  partids 
size  raductlcn.  Dryl^  is  aocoqpliahad  in  hot-air  oirealstlng  ovens  or  by 
using  air  transfar  at  lltO^F  to  SOCfiT,  High  throughput  gyratory  or  vibrating 
sereoDs  are  used  to  remove  tra^p  metal  preaent  in  the  nngrotmd  oxidlBer. 
Close  slaad  frastions  of  ground  and  unground  ozldiiar  arc  obtained  with 
meehanleal  or  air  claesiflers.  Higher  performanco,  especially  in  the  eotiqjo- 
aitee,  usually  ia  obtained  by  inoreasing  the  soUda  oontent  of  the  formula¬ 
tion,  thuB  adversely  affecting  the  processability  and  ptyeieal  propartlsa. 
These  characteristics  can  be  optimised  by  proper  aslaotion  of  the  close 
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slz«d  fractions,  without  dstrinsnt  to  the  ballistic  properties.  Blending 
of  the  oxidizer  prior  to  addition  into  the  mixer  is  not  a  neoessltyv 
seme  manufacturers  find  that  it  sls^llfles  handling  and  cootroL  probleies. 
If  ground  and  unground  fractions  are  blended,  a  "rifOa*  blander  la  reecai- 
mendsd.  Local  and  process  conditions  fTequentljr  necessitate  incazpwating 
a  small  percentage  of  a  free-flowing  agent.  This  la  readtlx  accaadliidied 
in  a  double  cone  or  other  mechanical  rotating  bland-r.  dir  ijfiaet  or 
hammer  mills  are  now  aTallaole  to  obtain  ground  ia  ^laciiied 

particle  size  ranges  and  ultimata  particle  sizes,  the  Bterqnerogngih  has 
proven  to  be  the  most  effective  tool  to  measure  tHe  aevaal  dtatrltaatioa 
obtained. 

HLxlng. 

No  natter  what  propellant  is  manufaetorsd,  Isgrediznte  mat  neces> 
sariljr  be  mixed  to  provide  a  honogeneous  mass.  A  nsriwr  of  hl^-lntenai^ 
mixers  are  available  for  this  operation.  Double  blade  horizontal  mixers 
of  either  the  Sigma  or  Dispersion  type  are  probably  la  most  ofu—w  use. 
Modified  blade  designs  are  available  to  suit  the  vate*a  taas^m  In  soas 
propellants,  the  order  of  addition  of  materials  to  tsa  mixer  la  crltied., 
but  basically,  the  methods  used  fall  into  three  groins  (1)  cherge  ■'*'1 
of  the  nalor  Ingredients  into  the  mixer  before  the  start  of  the 
cycle;  (2;  add  all  or  the  mjor  portion  of  the  liquid  fraetloa  or  rasln 
to  be  malted,  and  then  add  the  other  components  at  iatarvale  throughout 
the  e3rele  with  the  blades  either  turning  or  statlonaty;  (3)  tUcaaefpi  all  of 
the  major  dry  ingredients  into  the  mixer  and  feed  the  liquid  eoMponamte 
with  the  mixer  in  operation.  In  some  instances,  either  method  magr  prom 
satisfaetoxT  end  the  choice  depends  on  the  pertlcolar  mechanical  satiqp. 
Continuous  mixing,  particularly  of  the  ca^wsite  propellente,  is  aomt  in  a 
rather  advanced  state  of  developotent  and  can  be  eeeaqplinad  with  one  of 
several  pieces  of  equipment  available.  Utilisatioa  of  ecotiimoas  mixing 
depends  on  the  precision  of  feeding  equipment  and  the  development  of  eon- 
trollers  and  analytical  techniques  and  Inetmaaots  to  prove  that  the  con¬ 
tinuous  discharge  ie  homogeneous  am  has  the  proper  eoqposition. 

Deaeration. 

The  removal  of  air  and  entrapped  gases  Is  Isportamft  for  the  manufac- 
taa'9  of  p  ropellant  with  reprodueifals  eharacterlsties,  edthsr  on  a  batch 
o:  -  contlr  loue  basis.  Vacuum  mixing  or  vacuum  easting  er  s  eoablnation  of 
bo:’-,  i-  used  to  provide  void-free  propellant.  Batch  deaeratloa  is  arrom- 
plisbed  by  forcing  the  propellant  through  mOI  bolas  or  allts  Into 
an  evacuated  chamber  and  la  an  effective  means  of  rsnsviag  air  in 
propellants.  This  tschnlqus  is  noznally  rsfarrsd  ts  as  ths  "slit  dsasrs- 
tlon''  process.  Slit  daasretion  sUminates  the  nssd  tae  mata  axpsneivm 
vaetinm  mlxars  and  can  be  readily  integrated  late  s  ftlmmis  dsasratlon 
system. 

Casting. 

Castable  propellants,  whether  oeas'^bonded  or  net,  can  be  loaded' 
directly  into  the  motor  case  or  grain  mold  by  either  a  preeture  or  vacuum 
casting  technique.  Pressure  casting  requires  prseew  tamice  trot  wfalcfa  the 
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dea«rat«d  propellant  la  forced  throng  one  or  aors  baywwts  Into  tho  doslrod 
contajnar.  Crrlrig  cestisg^  quaXlty  of  propellant  ia  Maintained  tagr  keeping 
the  end  of  the  ba7cr.et  beneath  the  propell^t  aurxacs.  Ja  ama  instances , 
the  propellant  la  forced  into  the  container  froa  the  bottoe.  71bration  Is 
generally  applied  to  the  syetea  to  iaprove  flew  and  aalntsln  a  consistent 
level  as  the  container  la  filled. 

C\irlng. 

Solidification  of  the  propellant  Aran  a  heavy  nastic  or  fluid  fom  is 
generally  designated  as  "euidng".  Depending  upon  the  p  opellant,  this 
operation  nay  consist  of  cooling  of  the  sixtare  or  applying  hast  to  aaintcln 
a  temperature  at  uhleh  polymerisation  or  gelation  of  the  binder  takes  place. 
One  vldsly'-used  method  tc  obtain  core  is  tbs  storage  cf  the  loaded  motors  or 
grain  molds  In  an  cTsn  heated  by  hot  air  forced  throu{^  a  beat  exchanger. 
Where  better  control  of  taiDeratura  is  oaeired,  or  wfaero  it  is  necessary  to 
enre  the  propellant  in  inereasntSf  the  use  of  water  bath*)  or  olsrtrio 
blankets  is  morci  desirable.  The  large  rocket  motors  now  in  dsvelopasnt  fre¬ 
quently  have  Avolta  In  tba  propellant  mass  iMdi  can  be  ettrlbuted  to  the 
contraction  of  the  mass  In  accordance  with  its  tberwal  coefficient  of  expan¬ 
sion.  Sound  castings  can  be  better  realised  by  using  elsotrie  blankets  to 
obtain  sonal  curing.  Each  portion  can  than  be  allowed  to  coal  to  a  ncntnal 
teiq>erature  prior  to  cure  of  subsequant  sonae.  This  eliminates  tbs  effect 
of  the  contraction  of  tba  entire  mass.  As  the  stata-of-the-ert  of  propel¬ 
lant  processing  advances,  the  requiremants  for  large  quentl^  production 
of  a  given  iter:  will  undoubtedly  be  mat  by  a  cosplately  contlnuoua  systan 
for  propellant  manufacture.  Controls,  feeders,  and  aaalytleal  astbods  will 
eventually  be  iinroved  to  awke  this  a  reality.  At  that  tias,  and  aven  now, 
where  the  double  base  propellants  are  eoocemad,  the  batch  operetlons 
described  herein  nay  be  discarded. 

Captain  Jenldnet  Thank  you  veiy  sndi.  Hr.  Haite,  for  this  good  introduc¬ 
tory  here.  Wo  will  hear  more  from  you  later,  I  asssma.  Hr.  Cutler  is  going 
to  discuss  ths  hasard  characteristics  of  oxidlsars  and  wstal  powdsrs  and 
fire  control  mssutss.  Hr.  Cutler  is  Trm  tbs  Qspartasnt  of  the  Any 
Chemical  Corpa  at  Edgewood,  liaiyland. 

Mr.  Milton  Cutler.  P*  s.  Aimr  Chemical  Warfare  Laboratorieet  dentlaman,  I 
should  like  to  take  this  opportunity  to  convey  to  you  on  behalf  of  ths  Chsmi- 
csl  Corps,  our  slnesrs  appreciation  for  having  been  asked  to  participate  in 
this  program.  The  CmlC  is  axtremsly  interested  in  the  ares  of  pyrotseboies 
as  propellante  and  faels,  and  fsels  that  it  has  mseh  to  oentrlbats  and  sneh 
to  Isani  by  engaging  in  olscussioos  such  as  tbsse.  This  is  sspeeisUy  trus 
in  this  specific  instance,  since  the  conferees  here  represent  the  "eream*  of 
the  knowledge  and  szperisnes  in  the  propellsnt  field.  Ths  Cbasdcal  Corps  has 
had  wlda  azpsrianee  in  ths  propellant  field.  It  has  had  wide  oparianee  in 
pyro^ohnles.  Although  our  requirements  are  for  lower  energy  materials,  I 
that  1*  iM  ssfs  to  say  that  any  dlffsrsneea  in  tschnlcal  aetivlty  or 
requirsments  are  differences  in  dsgrss  rathsr  than  in  kind.  Ha,  too,  hava 
handling  problems  with  oxidants  and  reduotants’  involving  not  only  tha  hand¬ 
ling  of  tbasa  matarlala  individually,  but  also  in  combining  tbsaa  potantially 
hasardoua  cnamleals  into  pyrotaehnie  mixtures.  Hast  of  our  mixturea  ara 
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manufactured  and  used  In  the  dry  state.  ObTioasly,  onr  operatlonff  iiajr  be  as 
hazardous,  if  not  more  so,  than  yours  despite  the  Oct  that  yoitr  nisztores  are 
employed  as  hish-energy  propellants.  For  this  reasos,  we  ara  atteaptlng  to 
get  away  from  the  dry  pyrotechnic  mixture  in  faxor  sf  the  ao-ealled  ^'wet''  or 
plasticized  mirture.  }tich  woz4c  has  been  done  in  ttds  area  onr  the  last  few 
years,  and  some  of  our  pyrotechnic  fillings  hare  already  bees  caorarted. 
However,  much  work  lemains  to  be  done.  When  t!;i?  ewnwreloa  has  ben  aeeaB> 
plishad,  our  problems  should  be  identical  with  yonrs.  T  dtseoss 

specific  problems  with  respect  to  the  handling  of  metal  pamimr  and  oxidanta, 

I  should  like  to  present  briefly  the  types  of  matarihl  ra  whidt  the  Chemical 
Corps  is  interested,  as  well  as  the  manufacturing  apentiaiis  incident  to  the 
preparation  of  CmlC  pyrotechnic  mixtures.  We  handle  sessntimily  L  types  of 
chemical  ixtgredients  for  pyrotechnic  mixtures  t  (a)  erirft  ggents  •  be¬ 
tween  UO^  and  65%  of  every  CialC  pyrotechnic  eonwisitlon  consists  of  an 
oxidizing  agent.  Potassium  chlorate,  an  extracoly  hazardous  materisl  as  you 
well  know,  is  one  of  the  major  ingredients  in  colcxsd  SKC'ca  ae  welli  as  In 
various  Igniter  condos itlons.  Barium  nitrate  is  the  nrinirAn^  agenb  sn^loyed 
In  incendiary  compositions.  izBonium  nitrate  is  tte  major  constituent  of  our 
fdal  blocks.  These  oxidising  agents  sre  hsndlsd  la  laigB  qnsntities  (hundreds 
of  tons  per  dsy),  especially  daring  times  of  emergiey.  Of  course,  the  quan¬ 
tities  of  matsrlsl  being  handled  today  sre  eonsidmfaily  leas* 

(b)  reducing  agents  -  a  variety  of  reducing  agents  In  wlrtuaily  the  same 
quantities  as  dsseribed  above  are  used  as  Ibsle  la  the  varioos  CUC  pyrotech¬ 
nic  coBgJositions.  Among  these  are  sulfur,  sucrose,  chexcoal,  and  many  flnaly 
divided  mslallio  powders  such  as  titanium,  ilreoaiam,  and  alnmimia.  Tbs 
non««etallie  reducing  agents  are  comonly  used  in  colored  smoke  and  various 
first  fire  compositions.  The  metal  powders  are  rcmwily  used  in  tbs  msnufac- 
txnre  of  first  fire,  delay  compositions,  and  Ignitexs.  ni—v™™  powder  is  a 
major  ingredient  of  CalC  incendiary  ccmpoeltlons. 

(c)  inhibitors  -  all  pyrotechnic  compositions  rsqsiring  a  eoBStaot,  or  pre¬ 
determined  burning  rate  must  contain  an  inhl.bltor  to  achieve  the  desired 
perfomance  characteristics.  Ihe  most  comaon  inhibitors  alloyed  in  these 
mixtures  are  magnesium  carbonate,  zinc  carbonate,  awl  scuinm  bicarbonate. 
These  chemicals  are  quite  safe  tc  handle  under  any  ceoditions. 

(d)  a^tl-agglomaretae  -  most  pyrotachnle  e(mq>ositimBS  rcqisire  the  presence 

of  an  anti-agglomerate  to  improve  their  fTee-flowlmg  pr^ierties.  TWo  of  the 
anti-Bg^omerates  in  common  'osa  are  trijalclum  aud  magaesluia  oxide. 

These  materials  are  non-hazardcus  under  all  coidltlsnB.  So  am^  for  the 
broad  claasea  of  materials  which  are  handled  in  tbs  GUC  pyrotsefanles  program. 
Although  the  ones  specifically  dasndbed  are  only  fbs  in  nnmbmr,  tiiey  are 
rspresentativa  of  the  many,  many  'zhamleals  actually  anloyBd.  ^  oparations 
fcr  manufacturing  pyrotaoh^c  mixtures  of  various  tgfam  are  quite  similar  to 
tha  ones  m^loysd  in  the  solid  propellant  industry.  Broadly  speaking,  they 
are  «s  follows t 

a.  Drying.  Usually  tha  nonHMtallic  ingredients  at  any  glveir  pyrotsehnie 
mixture  must  bo  dried  to  remove  sxeeaa  moiatnra.  TUm  operation  is 
usually  required  with  the  oxidising  agent#  aioce  these  luterials  are, 
for  the  most  part,  hygroscopic  to  acne  degree. 

Drying  is  aeeompliahed  in  tray  dryers,  or  rotisy  dryers, 
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dependi.iig  upon  quanuitlas  of  maW-lal  usad.  Tills  operation 
is  nomally  conducted  at  fairly  low  tenperature  (up  to  ilto®r) 
and  is  nut  considerad  unusually  hazardous  as  long  as  the  oxldbLzlng 
agent  la  free  of  dirt,  oil  and  other  gross  imDurltles.  Frequently 
a  pyrotechnic  mixture  which  has  been  manufactured  wet  must  te  dried 
in  order  to  drlre  off  the  liquid  medium.  These  mixtures  are 
normally  first  fires  and  delay  cccpAsitions  which  are  extremely 
sensitive  to  ignition.  The  drying  opaz-aticr  !.’«  accomplished  in 
a  tray  dryer  in  which  the  circulating  air  is  usually  maintained 
at  a  maximum  t'jmperature  of  110®  F,  Very  careful  handling  pro¬ 
cedures  and  maximum  proteoti'n  devices  are  employed  in  this 
operation  in  order  to  minimize  the  posslhillty  of  an  incident, 
b.  Grtnulinr  and  Hleropulverlzlng .  Metallic  powders  are  normally 
procured  in  the  de^red  particle  size  and  are  therefore  not 
ground  in  CmlC  facilities.  However,  nearly  all  of  the  oxidising 
agents  must  be  ground  prior  to  their  incorperatiuit  Into  pyro¬ 
technic  mixtures.  Two  types  of  grinding  equipment  are  employedt 
tne  Stesdmsn  nng-roii  crusher  and  the  Fitzpatrick  Ccmnlnuter, 

Model  D.  Both  machines  are  made  of  steel  and  contain  no  special 
safety  devices  other  than  electrical  grounding  to  ellmlnata 
static  buildup.  Grinding  operations  are  rsmotely  controlled  and 
protection  to  the  operators  is  afforded  by  the  neoeesery  reinforced 
concrete  barricades.  Huge  tennagea  of  potassium  chlarate,  am¬ 
monium  nitrate  and  barium  nitrate  have  been  mieropulverizad  orar 
the  years.  I  recall  one  such  sustained  run  which  occurred  in  IVlzlz 
at  the  Huntsville  Araenal  vhsra  several  hundred  tons  of  potassium 
chlorate  were  gr<A<nd  on  a  3  sM  ft  basis  over  a  period  of  several 
months  without  a  single  ieeident.  It  is  our  opinion  that  the 
grlikling  of  these  oxidizing  agents  is  relatively  non-hatardous 
provided  the  material  is  clean  and  free  from  dirt,  oil,  metal 
scrap,  paper,  and  other  types  of  impuritiss. 
e.  Mixing  and  Blending.  After  the  drying  and  grinding  operations, 
the  components  of  a  pyrotechnic  mixture  must  be  mixed.  If  the 
mixture  is  dry,  a  double  oone  blender  or  a  tilting  and  tumbling 
barrel  are  uorzally  employed.  Stigma  blade,  ribbon,  edge  run¬ 
ner,  or  other  agitetor  or  paddle  type  mixers  are  never  employed 
in  the  manufacture  of  a  dry  pyrotechnic  mixture,  fhe  mixing 
equipment  which  ^  employed  is  constructed  of  copper  or  bronze 
and  extrema  eafety  precautions  are  taken.  Although  batch  opera¬ 
tions  are  used,  all  equipment  is  grounded,  barricaded,  and 
remotely  controlled.  Containera  are  usually  made  of  plastic 
impregnated  fiber  to  avoid  metal-to-metal  contact.  Wb  have  never 
had  an  incident  during  the  actual  mixliig  cycle.  Those  incidents 
which  have  occurred  have  taken  place  when  pereoimel  were  either 
charging  or  discharging  the  mixer.  Although  we  have  considered 
modifying  the  mixiiig  procedure  to  aehlsve  e  continuous  ntixing 
process  with  complete  autonatlon  as  an  ultimate  goal,  this  yet. 
ranaina  to  be  realised.  As  I  indicated  previously  some  of  our 
more  hazardous  pyrotechnic  idxtuzres  are  nanufaetured  in  the  wet 
State.  A  volatile  liquid  such  as  water  or  acetone  is  used  in  sane, 
while  a  liquid  monomer  is  used  in  those  oases  where  a  truly 
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plasticized  slxture  la  desired.  First  fire  and  delay  conpositlons 
are  nomnlly  not  required  in  large  quantities.  These  mlzturee  are 
blended  in  small  Hobard  mixers  sinilar  to  the  Sunbeaai  Himaster. 
Frequently  when  very  small  quantities  are  required,  a  band  operation 
is  employed.  This  is  normally  conducted  in  copper-Unsd  buckets 
using  wooden  paddles.  Although  ert?*eBe  precautioes  are  t^kea  to  avoid 
incidents,  they  have  occurred  in  the  pest.  Z*.  is  our  belief  that 
these  were  caused  by  friction  of  the  paddle  an  a  erolx,  dry  quantity 
of  mix  which  may  have  been  present  in  the  etpdlpBnnt. 

Hesiaarch  and  Deve^'.opment  Studies.  Research  and  darelopannt  stadias 
on  plasticized  colored  smoke  mixtures  have  been  conducted.  Indica¬ 
tions  are  that  the  Hobart  vertical  mixer  end  tiio  ribbon-type  sixer 
can  ba  successiblly  employed  provided  preceutions  ere  teken  to  eli¬ 
minate  the  presence  of  dried  material.  Mb  incident?  have  yet  occurred 
in  this  program.  It  remains  to  be  aaeo  whetner  anCTsaafnl  operation 
froai  the  safety  standpoint  will  be  achieved  la  lerge-eeale  production. 
In  this  connection,  extra  pracautiona  moat  be  obsarrad  to  prevent 
frictional  heat  in  bearings,  and  packing  glaada.  Claaranee  batman 
the  agitator  and  the  mixer  wall  is  also  crltisal  and  ahonld  be  care- 
folly  watched  to  avoid  friction. 

Granulating.  Moat  first  fire  and  delay  campocitioas  be  granu¬ 
lated  and  dried  prior  to  loading.  Ae  aoon  aa  the  mt  miztore  hae  been 
prepared,  it  ie  transferred  to  e  Stokee  oscillating  granulator.  Many 
incldanta  have  oeevirred  in  this  operation  aiace  all  of  the  factors 
favorable  to  ignition  of  the  mixture  are  praeant.  Ae  a  raeult,  alnl- 
mum  quantities  of  mix  are  granulated  in  any  given  batch  and  the 
operation  la  reawtely  eontroUad  to  avoid  injury  to  persouMl. 

Filling  and  Conaolidstion.  Whan  the  pyrctechaic  mixture  has  been 
prepared,  it  is  filled  and  eonaolidatad  into  tlia  appropriate  container 
(munition,  delay  housing,  canister,  etc.).  The  filling  operetion  ie 
accamplished  by  one  of  three  methods  depending  tgun  the  aeneltivity 
of  the  mixture  (force  feed,  gravity  flow  from  ttaa  hopper,  and  band 
filling).  Kuy  incidonta  have  occurred  in  tto  forea  feed  operation, 
aapeclally  uhera  the  auger-type  Stokes-Ad.th  filllag  mecMne  was 
uaed.  This  aqulpniant  consists  of  a  hopper  coBtalnlng  the  mixture  from 
which  an  auger  delivers  it  to  the  container.  Fires  have  oeenrred  in 
the  houaxng  surrounding  the  auger.  Inwetlgatioa  ahowed  that  these 
fires  were  primarily  caused  by  the  wearing  may  ef  the  anger  fli^Jita 
thus  permitting  too  large  e  eleerance  batmen  the  auger  end  the 
houaing.  This  caueed  a  gradual  buildup  of  caked  mix  on  tiie  tnaide 
wall  of  the  housing  which  becam  ezeaaaively  hasted  by  auger  friction 
until  the  Ignition  teeipereture  of  the  mixture  mas  reached.  The 
problem  was  solved  by  frequent  raplaoamnt  of  angers  as  well  as  by 
the  use  of  additional  filling  naehinss  as  standby  sqnijmMnt.  A 
procedure  was  also  instituted  whereby,  idien  the  bousing  area  of  a 
filling  machlna  in  operation  beema  hot,  the  egwlpmnt  was  rimt  down 
and  a  standby  filling  machine  wee  activated.  Oaoememt^  <q>erations 
ware  achieved  and  no  further  incidents  oocurred  throng  the  employ¬ 
ment  of  these  techniques. 
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The  gravity  flflv  equipment  eonalatad  of  a  large  hopper  with  a 
valve  at  the  bottom.  The  adxtJire  is  •Jelivered  to  the  appropriate 
container  by  merely  opening  and  closing  Jie  valve.  Ho  incidents 
have  ever  occiirred  with  this  equipment.  Hand  filling  is  normally 
employed  with  mixtures  of  extreme  sensitivity  such  as  first  fires 
and  delay  compoaitlona.  The  most  important  factor  in  preventing 
an  Incident  Is  proper  training  of  tha  operating  oeraonnel.  Very 
few  Incidents  have  occurred  in  this  operation.  Consolidation  of 
ttie  mixture  is  normally  accomplished  through  the  employment  of  a 
hydraulic  or  pneumatie  rreas.  The  length  of  struhOi  consolidation 
presaure,  and  speed  of  stroke  are  largely  dependent  upon  the  muni¬ 
tion  bel^  loadsd.  Many  incidents  have  erisen  in  the  presaing 
operstion.  By  reducing  ram  speed  to  a  nlninun  consistent  with 
the  production  schedule,  by  carefully  assuring  p>*4par  indexing 
of  the  mold  under  the  ram  tip,  end  by  earEf<uly  cemtrolUng  the 
clearance  between  the  rar  tip  and  the  container  walls  (a  idnimuit 
of  .06C"  on  a  L»"-to-5"  diarsotsr  is  required)  incidents  at  tha 
press  have  been  virtually  eliminated. 

g.  Pellattng.  Many  first  fire  and  delay  conpositions  are  pelleted 
In  a  Stokes  pelleting  press  prior  to  their  Incorport.  Ion  into 
the  end  items.  The  pelleting  operation  is  no  different  free 
similar  operation  conducted  in  the  exploaiva  industry.  Although 
incidents  frequently  occur  hers,  personnel  are  completely  pro¬ 
tected  since  the  operation  is  completely  remote  and  since  the 
quantity  of  material  is  kept  to  a  mlnlimin  insofar  as  possible. 

h.  Vacuum  Cleaning.  At  one  time  all  spills  of  pyrotechnic  mixture 
aroujS  the  equipment  and  in  the  operating  cubicles  were  re.aoved 
by  the  employment  of  a  Spencer  Vacuum  system.  This  proved  to  be 

highly  unfeasible  because  of  the  frequent  Incidents  which  oecnrrwda 
This  was  traced  to  a  bolldnp  of  static  elsetrloity  in  the  partidss 
of  nix  passing  throu^  the  vscuun  lines  at  high  speed.  The  problem 
was  solved  throngh  the  elimination  of  the  vacmni  systems. 
procedure  currently  e^loyed  is  merely  to  sweep  np  the  spills  ss 
they  occur  and  to  waan  down  the  equipment  and  opersting  areas  at 
ragttlar  Intsrvala. 

Now  that  ws  have  dlac^iased  tha  materials  and  tbs  manufaetoring  opera¬ 
tions  associated  with  pyrotechnic  mixtures,  I  should  like  to  discuss 
some  of  the  general  hazard  conditions  favorable  to  causing  an 
incident.  As  you  have  seen,  our  materials  may  exist  in  dust  form  as 
well  as  in  bulk. 

a.  Dust.  I  think  thst  It  is  safe  to  say  that  all  combustible  dust 
will  explode  tinder  the  proper  conditions  and  that  some  dusts  will 
sxoloda  mors  easily  than  nthsrs.  Let  ns  consider  sons  of  the  more 
important  conditions  favorable  to  the  explosion  of  a  dust; 

(1)  Combustible  Material.  Obviously  oos  must  start  out  with  a 
combustible  material.  All  ozidisable  materials  fall  into 
thia  category.  This  includ''a  the  metal  powders  ss  well  as 
many  chemical  compounds  which  srw  normally  used  in  fnela  as 
reducing  agents.  Although  carboo  la  Areqaently  used  as  the 
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reducing  8g«n+-  it  Is  curious  thst  5  high  gr»d»  c»rb<Mi  such 
aa  a  pure  form  of  lano  black  or  graphite  ccnnot  be  made  to 
cctplode.  Those  forms  of  carbon  which  ewp’ode  readily  usaally 
contain  combustible  Inpuritiee. 

(2)  Particle  Size*  The  oaidler  the  particle  size  of  the  material 
the  more  Imsardous  the  material  and  the  easier  It  la  to  Induce 
the  particle  size  above  which  It  la  dlffareBt  to  Induce  explosion* 
Particle  size  less  than  twenty-saen  ear  be  made  to  ez{Aode 

more  and  more  eaelly  ee  the  pertiele  etae  la  reduced. 

(3)  Concentration.  A  favorable  concentratloB  of  corabuatlble 
material  suspended  in  t^e  ataoephere  most  be  present  in  order 
to  induce  explosion.  Approximately  5  million  particles  per 
cubic  foot  are  consider^  to  be  the  mindbaim.  When  one  eon- 
siders  that  there  are  1  million  dust  particles  per  cubic 
foot  in  the  alnosphere  of  this  room,  one  realizes  that  S 
times  that  many  particles  per  unit  volume  or  utnosphere 
represent  a  very  low  concentration.  Of  coarse,  the  particle 
size  and  the  chemical  reactivity  of  the  material  are  important 
■'actors. 

(U)  Atmosphere.  A  favorable  atmosphere  around  the  dost  particle 

must  u  present.  This  is  normally  alwiya  the  eaae  sines  oxygen 
will  support  combustion.  The  obvious  condusi;-,  tlutrefore, 
fer  reduc..ng  the  axplosibllity  of  a  dust  la  to  introduce 
an  inert  gas  to  replace  the  air:  one  which  will  not  support 
conbustion.  One  must  proceed  very  centiasaly  here.  For 
exmapls,  carbon  dioxide  is  normally  considered  to  be  a 
reasonably  inert  gas.  let,  nagnesiua  and  aluminm  powder 
react  violently  with  carbon  dioxide.  Similarly,  freon  aa 
well  as  nitrogen  are  conducive  to  the  formatlan  of  an 
extremely  favorable  exploelve  ataoephere  with  cartein  metal 
powders. 

(5)  Ignition  Source.  In  order  to  e:qdoda  e  daat  a  scarce  of 
hast  is  normally  required.  This  heat  aonree  can  easily  bs 
produced  by  a  etatlc  dtaeharge,  fnetional  ^paxk,  or  frictional 
hast.  Think  of  soeia  of  ths  itama  of  eqtdiswnt  which  we  hare 
dlaeuseed  so  far  today,  and  yon  will  zeallse  that,  unless  tba 
proper  preceutioos  are  taken,  all  of  ttaa  aqalpaant  is  perfactly 
eapabla  of  proAxeiac  the  raanlrad  hast  aources. 

(6)  IgmtiMi  Temperature.  Different  mateiials  hare  dlfforent 
ignition  temperatures  and  these  vary  widely  depending  upm 
the  chemistry  of  the  materiel  involved*  Host  of  the  material 
commonly  in  use  in  the  pyrotechnic  and  propellants  industry 
have  been  described  in  the  literature  idtii  their  Ignltlan 
temperatures  and  I  will  not  dwall  on  tUs*  Soffles  it  to 
eay  that  the  lower  the  ignition  toeperature,  tba  easier  the 
ignition  and  subsequent  explosion. 

(7)  Shape.  Surface  Structure.  Surface  Area.  These  ere  Impcriaust 
considerations  In  considering  the  explosive  propwtieg  of 
dust.  This  la  especially  true  In  the  ease  metal 

For  example,  aluad-iais  particles  can  bs  sitbsr  spherical, 
granular,  or  flaked  depending  upon  the  process  of  manufacturing. 
Since  the  flaked  el^mdcun  powder  has  the  largest  surface  area, 
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it  can  be  ignited  piuch  nore  readily  than  the  other  two  forms* 
Similarly  the  atomized  form  ie  the  most  difficult  of  the 
three  to  ignite.  This  is  the  case  even  when  the  narticle 
size  of  the  three  forms  of  aluminum  powder  being  compared 
is  the  emne.  I  ant  reminded  of  a  number  of  serious  explo¬ 
sions  ^diich  took  place  in  17!i2  in  our  incendiary  manufactur¬ 
ing  plants.  During  a  single  wee?'  ijiie  ir-endiary  plent*  nt 
the  Hunteville  Arsenal,  Alabama,  the  Kailonal  Fireworks 
Plant  at  West  Hanover,  Massachusetts,  and  2  c>‘  3  others  wsrs 
destroyed  by  fire  and  er'tloelons.  Investiga  i.on  showed  that 
the  primary  cause  was  the  presence  of  flaked  aluminum  in 
the  incendiary  Fdxtura.  Accordingly,  the  specifications 
were  r.^difled  to  substitute  atomised  aluminum  in  place  of 
flaked  aluminum.  As  a  result,  the  number  of  Inddenta 
subsequently  decreased  to  a  negligiolc  amouni.. 

(8)  Chemical  reactivity.  Some  materials  are  mueii  more  chemically 
reactive  than  ethers.  For  example,  aliunlnum  dust  can  be 
handled  with  a  greater  degree  of  safety  then  dreoninm  dueu. 
Finely  divided  zirconium,  whan  dry,  is  pyroi^orlc  and  mua'' 
be  treated  accordingly. 


Bulk. 

Although  bulk  materials  arc  nomally  less  hazardous  than  the  ssme 
material  in  dust  form,  the  same  conditions  favorable  to  Ignition 
arid  explosion  of  dust  is  anpllcable  to  bulk.  For  example,  we 
still  need  a  combustible  material  or  mixture,  e  source  of  heat, 
a  favorable  atmosphere,  etc.  Tnls  is  primarily  due  to  tho  fact 
that  even  in  bulk  form  a  given  material  will  always  have  a 
minute  layer  of  dust  at  the  surface.  Let  us  now  consider  the 
hazards  Involved  in  the  handling  of  metal  powder.  Practically 
all  metal  powders  oxidize  readily.  Therefore,  they  cen  be  con¬ 
sidered  to  be  combustible  materials.  Therefore,  they  can  be 
ignited  and  exploded  under  favorable  conditions  to  ths  explosion. 
Whit  are  these  favorable  conditions?  They  are  identical  to  the 
ones  which  we  have  Just  discussed.  Similarly  ths  conditions 
necessary  for  the  ignition  of  bulk  metal  powder  are,  again,  the 
same  as  those  already  discussed.  Thei'e  is  one  fact  which  should 
DC  mentioned  nere:  the  rapid  raacta-on  Detween  llcpild  water  and 
certain  metal  powders.  Aluminum  powder  and  nagnsrtum  powder, 
particularly,  react  vigorously  with  water.  If  a  drop  of  water 
should  fall  into  a  pyrotechnic  nixturs  containing  a  reactive 
metal  powder  and  the  mixture  is  subseiiaently  consolidated  or 
cured  into  a  cake  or  grain,  an  explosion  may  resul  t.  The  reaction 
betw8«!n  the  metal  and  the  water  Is  exothermic  and  produces 
hydrogen  as  a  decomposition  product.  Some  of  the  eondltians 
favoicbla  to  an  explosion  are  thus  present}  heat  sonree, 
hydrogen  gas,  high  degree  of  confinaient,  finely  divided  particles 
etc.  In  our  loading  of  screening  ssoke  munitions  idiere  the 
mixtiir«  eontiiinn  atomized  alumlnnip,  we  must  be  very  careful  to 
prevent  water  Arom  dropping  into  tne  mix  fPom  overhead  pipes  and 
deluge  eystans.  Accordingly,  all  overbead  piping  la  insulated 
to  prevent  condensation  on  ths  outside  and  all  sprlnklera 
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exui  deluge  nozzles  ere  offset*  One  of  the  suet  hezerdoue  meterlals  In 
talk  fom  is  drjr  zlrconlua  powder*  For  this  teesonf  tlrcoatoB  is  handled 
wet  whenever  possible*  Fortunately,  zirconiue  happens  to  be  sae  of  those 
metal  powders  which  does  not  react  with  water*  The  problems  associated 
with  the  handling  of  oxidising  agents  are  quite  siansr  to  those 
described  above*  Oocldising  agents  ouch  as  ehloratae  and  psrdtlorates 
which  are  considered  to  be  extremely  reacwlTC  ehsmlcadly,  are  quite  safe 
to  handle  as  long  as  the  material  is  free  from  redaelii!;  irqmrlties* 

Not  only  is  this  the  case  in  the  bulk  form,  bat  this  la  also  tme  idien 
the  naterial  is  present  as  an  airborne  dust*  The  Sui'jsu  of  Hines  has 
reported  that  oxidizing  agents  of  this  categery  in  dnst  font  could  not 
be  exploded  even  when  relatively  large  quantities  of  energy  vsi*  expended* 
Chemical  Corps  experience  in  the  handling  of  ozldixlng  agents  per  se  dur¬ 
ing  the  past  18  years  has  esrtaiiily  eonfixmsd  this*  At  no  tlas  hss  there 
been  any  report  of  an  Incident  with  potassiss  chlorate*  barium  nitrate, 
or  anmonium  nitrate,  in  their  pure  fom.  Obe  of  the  zost  iaqjortant  con- 
SicisrS'ticnS  H  wg  ^5  O? 

by  faydrolyals  of  the  chlorate  in  the  presence  of  mole  Mtre>  or  es  a  result 
of  the  decompoaition  of  one  of  the  ingredients  in  the  pyrotechnic  mixture* 
Potassium  chlorate  hydrolyzes  to  form  chloric  add  in  the  presence  of 
moisture*  Acids  react  violently  with  strong  aridlaing  agaste  such  aa 
potassium  chlorate*  Therefore,  every  precaution  mast  be  taken  to  ensure 
that  the  pretence  of  moisture  In  the  chlorate  is  minlmdzed  during  all  of 
the  phases  of  manufacturing*  Potassium  perchlormte  does  not  Itpdrolyxe 
aa  readily,  and  therefore  rapresente  less  of  a  hazard  problem.  However, 
both  the  chlorate  aa  well  as  perchlorate  are  very  pemerfal  oxidizing 
agents  and  should,  theiefore,  be  treated  with  the  utmost  re^seet*  The 
dsco^HJSltlon  of  an  acid-formljag  constituant  ia  admixture  with  potaaalum 
chlorate  is  well  lUuatreted  Chemical  Corpe  ezpertaoee  in  the  mann- 
l  \cturiz>g  of  yellow  smoke  mix*  The  yellow  until  fairly  receatly, 
was  auramlne  hydrochloride*  The  oxidising  agent  is  potaasiam  ^tlorete* 

In  the  presence  of  moisture,  soramiaa  hydrochloride  deeompoaes  to  liber¬ 
ate  free  hydrochloric  acid  which  is  eepzbl*  of  meeting  violently  with 
potassium  chlorate*  As  e  result,  Chesdeal  Corpe  experience  in  the 
manufacture  of  yellow  amoke  nix  during  World  Uu  H  was  hair-raising* 

For  axanple,  at  the  HentsviUs  Arsenal,  we  had  two  filling  plants  located 
side-by-side*  As  soon  as  one  plant  "went  up",  tha  parsonnaL  were  moved 
tw  Win  Bvuuuu  pl«ui<*  «i>  Buouw  the  time  viiet  we  ilrew  plent  was  cleaned 
up,  the  second  plant  "took  off"  and  the  personnsl  were  moved  bade  to 
the  first  plant*  Hanuf.icturlng  operations  wsm  eontinned  for  oeveral 
years  in  this  manner  despite  the  fact  that  them  u«re  times  whan  we 
averaged  iJe  firea  per  2h-hoar  day*  Zn  order  to  resolve  asy  fiitum  m- 
currence  such  as  this,  a  program  was  rocontly  renpleted  in  wiildi  the 
■^tramine  hydrochloride  was  mpleced  by  e  mom  stabla,  mm-aeid-foriilog 
dye  of  the  anthraquinone  type*  Them  has  beam  ne  reported  inoident 
traceable  to  the  dye  since  that  time*  I  ahonld  like  te  again  aagdiaaiso 
tils  feet  that  acid  is  axtremely  hazardous  in  eoabinatloa  with  ehlorstss 
and  perchlorates,  and  that  every  effort  shiiuld  bo  mado  to  ellmlnato 
moisture  from  this  msterlsl  as  well  as  to  slijdaeta  tiie  presanee  of 
seid-fomlng  constituents*  Thus  far,  we  have  disenssed  some  of  the 
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operations  in  the  Chemical  Corps  pyrotechnic  program,  life  ha^e  also  ills- 
cussed  some  of  the  properties  of  metallic  poM^rs  and  oxidizing  agents 
in  dust  form  as  vrall  as  in  bulk,  hhat,  then,  can  m  do  to  minimize  the 
hazards  idiich  apparently  continue  to  exist?  First  of  all,  it  is  believed 
that  a  fundamental  approach  in  the  r*eeareh  and  development  areas  is 
required.  That  is  to  sajr,  there  should  be  a  ccntiming  research  and 
development  program  designed  to  eliminate  those  materiel^  which  are  bad 
actors  and  to  replace  them  with  laaterials  which  are  less  hazardous* 

As  I  nave  already  indicated,  this  has  been  sueeessfL  ily  achieved  in 
certain  areas:  replacement  of  flake  aluadnum  and  auramine  hydrochlor¬ 
ide  by  atomized  aluminum  and  anthraqulnons  yellow  dye,  respect! rely* 

This  has  also  been  achieved  by  replacing  sulfur  in  mtny  mixtures 
sucrose  which  is  less  hazsrdous.  Sometines,  however,  this  ^>proaeh 
backfires.  For  exaa^ile,  msngansse  siul  magnesium  powders  oxidize  readily, 
thus  causing  unstable  pyrotechnic  mixtures*  The  Chemi  cal  Corps  has  rs- 
plaeed  these  metals  with  titsnium  snd  zirconium  which  are  stable  in  the 
presence  of  moisture*  However,  although  we  have  achieved  increased 
stability,  we  have  had  to  sacrifice  safety  since  litanius  and  zirconium 
are  much  more  hazardous  to  handle  than  manganaaa  or  aagnealum*  Another 
program  which  the  Chemical  Corps  has  undertaken  is  to  attamot  to  plasti¬ 
cize  soma  of  the  more  hazardous  pyrotaehnle  mixtures*  In  the  wet  atata, 
these  mixtures  are  considerably  less  hasardous  than  siailar  matariala 
in  the  dry  state*  Of  course,  the  filling  operation  la  one  area  where 
extreme  hazard  is  Involved  even  with  wet  mixtures*  The  hasards  of  az- 
trualon  presses  are  well  recognized  and,  therefore,  efforts  are  being 
directed  toward  the  development  of  eet  mixtures  which  can  be  povured  and 
cast*  Remote  controls  have  been  introduced  into  as  many  operations  (in 
research  and  developsMnt)  as  possible*  All  grinding,  granulating,  mix¬ 
ing,  pressing,  ate*,  era  accc^iliahad  by  ramote  control*  Although 
these  eystama  have  not  yet  been  fully  Introduced  in  our  large-ecale 
manufacturing  plants,  it  is  believed  that  this  can  be  suceessfuUr 
achieved  when  production  stiwdnlea  will  so  ze<|ulrw*  Bvazr  singla  new 
pyrotaehnle  mixture,  as  well  ea  aodlfieationa  of  axistlag  pyrotechnic 
mlxturea,  are  firat  prepared  in  grew  quantitlaa  and  subjected  to  sensi- 
tivl^  tests  to  determine  the  hazards  befora  a  wger  batch  of  matcrl-l 
is  preparad*  If  tna  small  quantity  of  mix  appears  to  be  sensitive.  It 
is  safe  to  conexuaa  that  tha  large  baton  of  nix  will  also  be  aaneiiive* 

On  the  other  hand,  if  tha  mMll  qjuantlty  of  mix  is  damonstrated  to 
have  favorable  senaitivlty  characteristics,  a  eonelaslon  as  to  tha 
aanaltlvity  of  tha  large  batch  cannot  be  drawn*  This  Is  one  area  whara 
much  rssaareh  should  ba  Initiated  -  the  developaeDt  of  sensitivity 
testa  which  truly  and  *«llably  reflset  the  operctions  and  the  hasarda 
t:.  be  ancountared*  Tarieva  other  preeantlons  are  taken  with  respect 
to  minimising  the  hazards  in  tha  manufaetwe  of  pyroteehnies*  Tbraa 
are  not  naw,  and  I  am  sera  that  you  all  amploy  tha  asms  techniques* 

For  exaapla,  all  aansitive  materials  srs  handled  wet  where  possible, 
wintwnw  quantities  of  matsrlel  ue  handled  and  storsd  insofar  as 
pcssible,  llmitationa  ars  plaead  on  tha  nambsr  of  operating  personnsl 
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ii.  any  given  operating  area,  personnel  are  proteeted  Ytf  neons  at 
aluminized  aabeatos  clothing  and  face  ahlslds,  good  Iwnaekeeptag 
practice  la  enforced,  all  equipBent  la  elaetriaitlly  grenatod*  aU 
sensitive  areas  have  conductive  floors  and  eondacfelvs  ewrirtng  araae, 
all  equipment  la  designed  to  include  ulrr^out  patch—  Hho—  possible, 
all  biill-iings  are  designed  to  include  weal  walia  vests  viiertt  pos¬ 
sible,  all  hasardous  operations  are  conducted  hehinrt  hbasy  bacrieades, 
etc.  The  question  arises,  what  should  one  do  obbs  s  firs  do—  start? 
The  obvious  answer  is  to  effect  e.ntrola  to  prsi— fc  tbs  firs  from 
starting.  This  is  not  always  posslbls.  The  Phaslral  Corps  phllosiqihy 
is  that  copious  quantities  of  —ter  will  control  fix—  of  rsaarasataiLs 
magnitude.  Therefore,  —  a  result  of  eaperi— ntsl  WDzfc  condneted  in 
cooperation  with  tba  Bureau  of  Hlsss,  a  nunbar  tf  y— r;  ago,  dl 
hasardous  operations  and  working  area^  —re  equipped  with  sprinklar 
and  deluge  syste—  for  the  purpose  of  flooding  the  fire  within  wlniamn 
tiae  sfter  ignition.  Theoo  syste—  are  eotnated  by  fhalble  alloys 
which  malt  out  upon  being  subjected  to  elevated  teaperatnre.  Zn  con¬ 
clusion,  I  again  should  Ilka  to  azpre—  the  appreciation  of  the 
Chonleal  Corps  for  our  havlag  be—  a  ked  to  pertieipate  In  this  ssainar. 
I  hops  that,  —  a  result  of  sy  pr*8s.itatl— ,  —  hsma  e— trit-uzed  to 
your  knowledge.  At  the  se—  tl— ,  I  ahonld  liJge  to  point  sot  that  I 
nave  gained  conaidsrabla  background  —  tha  resslt  of  haring  hoard  you 
recits  your  ezpari— ees  in  the  propell— t  field.  I  hope  that  the 
Chemical  Corps  will  sgain  be  asked  to  partleipata  in  future  saadnars. 

Mr.  J«  J.  Holler.  Astrodree.  Ino*  Do  you  n—  dalaga  systa—  and 
sprinkler  syst— s  in  your  cells  wfaerf:  yon  handle  yc—  dittnin—  pander? 


Mr.  Cutler t  Tee. 


tfr.  MoHoyi  Have  you  had  any  fires  resulting  ftm  that? 


Mr.  Cutlert  Ho,  —  have  not  had  too  —ay  fir—  sith  slanln—  powdsr 


u  such.  However,  everything  —  hs''s  se—  and  sowyu—  —  bare  spoken 
to  ~  including  the  Bure—  of  Kinof  who,  in  this  partlenZar  es— ,  bs— 


Aei 


rU*— 4«e«el  Pa-A'— 


tmcsw 


averythlng,  to  our  knowledge,  indicates  that  a—  of  the  — y»  of  hand¬ 
ling,  — d  one  of  the  best  ways  o'  — dling  a  —tsL  posdsr  firs  is  to 
deluge  with  —ter.  A  small  aaou  of  —ter  will  e— trlbots  to  the  rs- 
aeti— ,  I'll  gr— t  you,  but  a  large  — onnt  of  sot—  oiU.  ds—  bast 
«my  very  r^idly  and  put  tha  fi  -  a  oat.  If  anom^  —ter  is  used.  The 
q>\— tity  of  water,  of  eour—,  would  bs  completely  dip— d— 1 19—  the 
quantity  of  — tsrlal  burned. 


Ifr.  J»  0.  Mack,  AUsgamr  Balllc'*Acs  laborstoTT*  I—  m— tionod  matting 
agents  for  tltsnlnm  — d  slreoni  •*  powdars  —  nonoUy,  what  do  ytrn  use? 

Hr.  Cntlori  Motmally,  —  use  fj-ter. 
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}*p.  Ktek:  How  about  subaoquont  dryliig  stops? 

Wr.  Outlsri  With  tltsnlua  powder,  this  is  so  problsR.  With  zirconium 
powder,  this  is  a  terrific  problem  beeauss  slreoniuB,  In  the  particle 
size  that  we  use  it,  is  quite  pyropho**le. 

Mr,  Haeki  I  assuci*  »ou  are  in  the  range  of  20  nioron  oi  b«lowT 
Mr.  Cutlei‘t  Oh,  way  below.  We  are  in  the  range  of  SO-'  down  to  325* 

Hr.  Mackt  I  mentioned  micron* 

Hr.  Cutler t  Oh,  I'm  sorry.  W«  are  in  the  rsnee  of  -  say  -  starting  at 
about  30  or  uO  microns  on  up  to,  maybe  100  or  1%. 

Hr.  Mackt  One  other  question  on  sensitivity  testing.  What  neznal 
testing  do  you  run  on  metal  powders? 

Mr.  Cutlert  We  normally  do  not  run  a  sensitirlty  test  on  the  metal 
powder  itself.  Wo  do  run  sensltiTity  tests  on  the  mixtures. 

Mr.  Mackt  I  was  partleularly  interested  In  metal  powder.  In  case  there 
there  was  anyone  with  the  tests. 

Mr.  Cutlert  We  run  no  tests  on  the  meUl  powders,  but,  as  I  am  sure  ycu 
are  aware,  the  Bureau  of  Mlnss  dees  run  ezhaustive  taste. 

Captain  Jenkinat  Mr.  Padgett,  of  Thiokol,  Z  noticed  that  in  your  paper 
you  people  had  eondneted  some  tests  on  the  sensltlTlty  of  ammonium  per¬ 
chlorate  in  the  finely  divided  state.  Do  you  have  anything  pertinent 
to  this  to  add? 

Mr.  Harrr  L.  Padgett.  Thiokol  Chemical  Coruoratlont  I  will  be  glad  to 
read  this  report  on  tests  eondneted  by  the  Bnrsan  of  Mlnss.  kt  the 
request  of  Mr.  C.  D.  Attaway,  (%lef  Safe^  bgineer,  thiokol  Chemleal 
CorporaUon,  Longhorn  Oivisloo,  Marshall,  Texas,  laboratory  testa  were 
mads  to  determine  under  what  conditions  dust  clouds  of  SMacnium  per¬ 
chlorate  in  air  can  be  ignited,  and  whether  such  Ignitions  ml^t  produce 
dust  explosions.  A  typical  sample  of  ground  pure  anonlnm  perchlorate 
(Bureau  of  Mines  Laboratory  Mo.  2267)  was  s>ipplied  by  Hr.  Attswsy. 

As  rscslTsd,  many  of  the  powder  partielss  bad  formed  ag^omsrstss  which 
co;ild  be  rssdlly  broken  up  by  li^t  pressure  with  a  spatula.  Microacopie 
examination  showed  that  the  powdar  consisted  of  crystalline  particles 
ranging  in  siss  from  about  3  to  50  microns.  During  drying  s  few  grams 
St  75°C  for  2!i  hours,  no  weight  (moisture)  loss  was  msssured.  Tbs  teats 
wars  performed  in  the  equipment,  end  secording  to  the  procedure  out¬ 
lined  in  the  Bursau  of  Mines  S^port  of  Investigation  Mo.  3751  -  no  igni¬ 
tions  of  dust  clouds  of  the  ammonium  perchlorate  could  bo  obtained  in 
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air  at  nornal  tei^Mratur*  and  praasura,  altbar  tor  tba  hlgb-voltaga 
alsctrical  induction  aparka,  bjr  alectrlcal  cnnilniar  dladwrga  aparka, 
by  a  UO-Tolt  AC  7>5  aapara  carbon  are,  or  by  tba  tiaas  daaa  a  75 
■g  tuft  of  guncotton  uaad  in  tha  teat  aqulpaant.  Skat  eSxnds  of  Xbm 
amonlua  parehlorata  ware  not  Ignlt?^  during  sapid  di8iwr8a£  of  aaall 
quantitlaa  through  tha  laboratory  tbmaea  chldh  waa  heated  to  earioua 
ten^raturaa  ranging  up  to  950*’C. 

Captain  Jenklnat  I  inagina  that  if  anyona  ia  iBtax«.tod:  la  that  report, 
you  could  get  tha  Information  on  Juat  abat  that  report  ia.  I  think 
Mr.  Harria  haa  one  alao.  They  are  nnelaaalflad.  Thank  yen  aaiy  aueh, 
Mr.  Padgett.  Mr.  Greiner,  I  believe  you  have  aae  Infomatlon  for  ua. 
Mr.  Greiner  la  the  Dlrialon  Manager  of  tha  SalMr  and  ^Otplastnm 
Departaent  at  Hereulea  Powder  Coapahy. 

Hr.  L.  S.  Greiner.  Herculee  Powder  Coapanyt  I  have  a  few  reaarka  con¬ 
cerning  eone  experience  In  miring  hlgh^nergy  mating  powders.  Early 
In  1957,  Allegany  Balllatlea  laboratory  began  to  aaonfaetaxe  high-oneroy 
caatlng  powdera.  At  the  beginning  of  the  progna,  aluwlnme  powier, 
emmonlun  perehlorete,  and  othar  aaterlala  had  been  eddeo  w  sls^-beae 
fomulatlona  end  aensltlTlty  data  Indicated  na  appraelahla  ineraaae  ia 
aenaltlvlty  until  after  the  powder  waa  cut  and  dtiad.  Then,  double- 
baee  formulatlona  were  uawd,  and  aenaltlvlty  taat  ramlta  iadicatad  no 
algnifleant  difference  to  Ij^aet  senaitivlty  betwaen  hlidx-energy  powdere 
and  conventional  double-bass  powdere.  Bowever,  U^t-enwrgy  powdm  are 
found  to  be  a  lot  more  sensitive  to  friction.  Alli^any  Balliatlcs 
Laboratory  continued  to  nake  this  type  of  powdir  ell  tiaraagh  1957  end 
1958  and  in  1958,  hi^-ensrgy  powf^ers  of  this  type  were  aL^o  aada  bare 
at  the  Naval  Propellant  Plant,  at  Radford,  and  at  SaovUIa  alao. 
Experience  In  regard  to  airing  such  powdera  waa  very  good.  Only  one 
mixer  incident  occurred,  and  this  waa  whan  pondw  eontalnirg  a  auU 
scraen  waa  tetumed  to  a  alxer  and  a  flra  atartad.  It  was  readily  ax- 
tinguiabad  by  tha  aprlnklar  ayaten  and  thara  waa  no  apprsctabla  daaaiga. 
That  waa  the  e:q>erl«nes  up  to  about  thraa  or  fesr  months  s  ■).  In  ths 
paat  three  or  four  months  howaver,  there  hsve  haea  several  'Irss  and 
explosions.  I  thought  I  would  mention  very  tslsCy,  s  rsa,  ts  of  a  few 
of  these  incidents,  (hie  fire  occurred  shortly  after  ths  audition  of 
senp  powder  rework  to  •  mixer.  It  is  believed  that  lbs  scrap  was  too 
hard,  and  this  charge  burned.  Obtt  fire  occuiied  while  adding  solvent 
watted  anwoniun  perchlorate  to  a  mlssr,  aud  this  was  a  bad  fire.  Thi« 
waa  the  only  one  of  any  of  tbasa  ineldanla  that  imblved  injury.  Two 
men  wars  burned  -  ono  fatally.  This  incioant  was  bellaved  caused  ly 
friction  of  the  container  on  Xim  mixmr  lid,  eaesing  ignitdan  of  tho 
solvent  vapors,  or  possibly,  friction  of  tha  ewrtainer  oa  scaw  qillled 
material  on  the  mixer  Ud. 

Another  firs  occurred  whan  an  air  apargar  pips  eaa  Inaovertantly  drawn 
into  the  mixar  during  a  blow-down.  This  involved  an  overeolvatad  mix* 

No  damage  -  put  out  by  the  eprlnklar  system.  1m  Urea  ocearrsd  toward 
the  end  of  mixing  cyelos  of  overeolvatad  mines  -  soon  after  nlnnv 
had  been  stopped  for  a  check  period.  It  is  beliavad  that  Ignition  by 
friction  of  a  dried  skl!i  of  naterlal  in  the  giant  area  was  responslbla 
for  these  two  incidents.  Tbs  azploaion  occunei  a  nianta  cr  two  after 
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the  addition  of  anaonliai  porefalorata  dry-  to  a  alnr*  Othar  than  tha  two 
Inddenta  laantlanad  ttaara  aaa  ralatlra]^  no  danga  at  all*  I  don't  naan 
to  nlidalM  tin  laeldonta  but  gawralljr  thay  ware  eontndLlad  b{f  tha 
aprlnklar  sjrstoay  idth  ilttia  aora  than  poaalUj  bom  searing  of 
pidnt*  Mow  tbeaa  Ineldanta  hava  e«nsad  a  great  daal  of  attantien  to 
bs  foeuoad  on  the  atlxlng  opamtLen  and  aouipant*  OlaeiiBaLoiiB  haan  been 
bald  bjr  rapraaantatlaaa  of  all  four  Inatallatioas  naaT-isisd  la  regard 
to  alxlBg  of  ULgh  energy  donbla-faaaod  fegnmlatleBB  and  tha  hnaarda 
iavoleed*  Thaae  bare  been  open  aeealoaB  efaare  eeary.  oa's  Ideaa  vara 
WBleeMi  there  vaa  no  agenda}  It  eaa  the  aaaa  ^rpe  af  idea  that  «e 
here  today  are  nartielpatlng  in,  Area  eaohaage  d  ideaa*  Hare  are 
aona  of  tha  ehangea  In  proeadtnre  aa  wall  aa  alxar  daaign  that  hate 
boen  suggested  in  these  aeetlBgs  to  date*  ill  of  thaae  adaars  in* 

Tolted  wars  algaa-blada  alzara  aqnlppod  with  eesrsntlaaal  |»clring 
glands*  Rowetar,  with  the  exeeptlaa  af  eoa  aiiar  at  there  was 
no  packing  la  the  glands  of  any  Intolted*  Xat  It  appears  that  bobs 
of  the  inddenta  were  eauaed  by  fdetlaB  of  dried  aaterial  in  tha 
Tleinity  of  the  glands*  Soae  of  the  auggeationa  aade  to  elinlaata 
friction  warai  Reduoa  the  tMeknesa  of  natal  of  the  borasa  alxar  gland 
collar  or  insert  at  tha  point  of  artniawi  elaaranea  betaaen  the  shaft 
and  the  insert*  Another  suggsstleQ  waa  to  introduee  soltaat  into  the 
gland  area  froa  tha  ontalde  of  the  gland  during  nixing*  Anothar  waa 
to  aoisten  ths  gland  area  with  a  auU  aaoiatt  of  aolTont  insida  tha 
alxar*  whanawar  nixing  was  interrupted*  Anothar  was  te  Inerease  tha 
elearanoe  at  the  point  where  tha  shoulder  or  hnb  of  tha  ahaf  t  la  ad« 
jaeent  to  the  nixar  wall*  Anothari  Inatall  teflon  inaorta  la  alxar 
glanda}  Inatall  allagar  riaga  on  tha  abaft  hayead  tha  glands  ta  prarant 
nigratian  of  aatarlal  along  the  shaft  lata  hsarlngs*  Anothart  DaalgB 
futora  wixara  of  poUdiad  ataialBaa  ataal*  Still  anothart  UtUlia  a 
typa  of  alxar  without  autear^ad  glaada*  low  thara  ara  othars  but  thoaa 
ara  tha  tM  nga  that  we  haws  talhsd  about  ao  far*  Cbangaa  in  proaaduras 
haws  baan  auggaatad  also*  It  has  baan  anggoatad  and  triad*  foraolatlooa 
bs  oeer-salTatsd  during  aixiag  prooadnra  with  axeaas  solvent  rasoved 
by  sparging  of  air  or  inert  gaa  at  and  of  ad  ring  eyela  and  this  has 
baan  done*  However*  with  thia  iroeedure  there  still  la  a  preUaa  of 
preventing  dry  skine  of  aaterial  trm  fexwing  vltUn  the  alxar*  The 
alxera  ara  stopped  ''o  ob't'.r.Ln  seaiples  or  naka  inapsellons*  Ta  tha  boat 
of  sur  knowledge  nuM  of  the  It  inatallatlflas  ere  currently  ovarnwlvatlng 
dtulng  uxlng  but  I  laamed  just  recently*  Is  lha  peat  boar*  that  MFP 
has  conducted  aona  vary  Intarea  tlag  azpnlnanta  ragardlag  alxsre  aol- 
Tatcd  and  over^aolvated  and  I  *11  ask  that  whan  wa  finish  if  they  will 
pioaae  give  a  rasuae  uf  tha  recant  axpoxiaaital  work  done*  low  insofar 
S8  aansitivlty  to  datonatloii  is  eoneamsd*  tests  Indicata  that  aanonlUB 
ptreblorata  wat  with  a  aaall  percantaga  of  solvent  is  aore  senaitlva 
than  dry  aaaonitB  paroKIorata*  If  dry  aaaonliai  parehlcrata  is  added  to 
a  alxar*  there  auet  be  at  sons  stags  in  tha  eysla  regions  vhera  peretalorata 
is  watted  with  a  aaall  aaonnt  of  solvent*  thua  creating  a  aenaitivltgr 
sitaaUoa  wfalcb  la  aidn  te  djPBaalts*  For  thia  raaaoa  Barenlea*  as  of 
now*  prefora  wetting  the  aatewltai  perchlorate  with  advent  before  the 
addition  te  a  alxar*  We  nay  ba  forced  te  abandon  this  peattian  however* 


36 

UNCUSSIFIEO 


UNCLASSIFIED 


on  account  of  an  overriding  preference  to  make  all  additions  reawte 
control.  We  have  not  yet  succesefuUy  solved  the  protalam  of  transfer¬ 
ring  wetted,  or  damp,  anmonlum  perchlorate  tt-om  a  container  into  a 
mixer.  So,  at  the  present  time,  while  work  is  ondenHjr  to  desi^  or 
utilize  altered  enrHnmnt  for  the  loading  of  sixera  fttaa  the  outslds, 
from  outside  mixer  bays,  we  have  instigated  the  proceAire  of  providing 
operators  with  aluminlzad  asoestos  or  ether  suitiuKis  tau>  plus 
hoods  and  gloves.  That  is  oocut  the  atatns  of  the  airing  protden  as  we 
aee  it  now.  are  there  anjr  questions? 

Captain  Jenkinat  Q<alte  a  few  people  expresaad  interest  In  ths  slxsr 
problen.  Hr.  Lewie,  of  AUegaiqr  BsUistles  laborstotx,  did  yon  have 
anything  that  you  would  like  to  add,  or  any  quastiona  yon  would  like 
to  ask  about  it?  All  ri^t,  ftr.  Halts? 

Hr.  Htitet  You  mentioned  some  ijiq^act  sensitivltiea  and  that  your  tests 
showed  that  tbs  Ingredients  ware  more-or-less  noneensitive,  or  that  you 
didn't  change  the  sensitivity.  Uhat  iapaet  eensitlvl^  testa  did  yon 
run? 

Hr.  Qreinert  I  didn't  aay  they  wer  .«  "D'  asensltlve*.  I  aeld  they  ware 
no  Bors  ssnaitlve  than  — - 

Hr.  Halts t  Well,  that  la  what  I  maant  -  no  inereaae  in  sanaitlvity? 

Hr.  Qreinari  I  don't  know  that  I  can  give  that.  fir.  Ba21»  do  you  recall? 
It  is  a  modified  machine,  isn't  it? 

fr.  Haitet  Wall,  in  the  compoeites  -  at  least  it  lass  bsan  our  eapsrisnee 
that  the  eeneltivit.  as  measured  by  the  falling  bell  does  not  agree  with 
the  eeneltlvlty,  -  other  sensitivity  tests |  that  is,  for  matsrisl  that 
you  think  le  considered  more  hazardous,  for  ezaapls,  an  80%  loaded  oxi- 
diser  material  you  would  consider  to  be  more  hazardons  and  more  eensitiva 
than  a  60%  ozldiier  material  of  tha  earn  fomnlation  -  ths  seas  basic 
degrees.  However,  on  the  falling  ball  ijq>act  tester,  it  is  entlrsly 
possible  that  ths  60%  will  show  vp  as  more  ssnaitlve  tbaa  tlw  60%.  I, 
^yeelf,  don't  put  an  awful  lot  of  atrength  in  tha  impact  aanaltivity 
tests.  This  aay  be  the  reason  idiy  yon  thought  you  eere  getting  a  miztnrs 
that  was  no  more  sensitive,  and  setosUy,  you  ears  getting  a  mora  sensl- 
blFv  iiiirture. 

Dr.  A.  M.  Ball.  Hercules  Powder  Company:  X  agree  with  yon  entlrsly  that 
ths  Buraau  of  Hines  impact  teste  tell  you  very  Uttls  about  what  alc^t 
happen  in  the  way  of  a  detonation.  However,  it  la  tha  ganaral  feeling 
throughont  the  Industry  that  it  doss  tell  you  sonalhijv  abont  ths 
sensitivity  toward  ignition,  and  daring  ■<»<«£  operationB,  we  are  Just 
about  as  seared  of  starting  fires  as  we  are  of  starting  a  detenatloa. 
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Dr.  A,  B.  Aaiater,  NaYtl  Ordnticfc  Laboratoi-yt  I  will  have  a  few  more 
remarks  later  this  afternoon  on  lsq>act  testing;  however,  I  am  pleased 
to  see  that  it  is  falling  into  a  little  bit  of  disrepute  as  far  as  hazard 
is  concerned.  Tnere  is  one  thing,  though,  that  I  think  is  worthwhile 
remembering  -  in  particular,  at  Alleganx  Ballistics  Laboratory  in  the 
humidity-laden  climate  of  western  Mar/lsrd.  and  perlug>ti  too,  the  Naval 
Propellant  Plant  down  hare  and  that  is,  yctt  lisve  bear  in  mind  (and 
nomally  It  Is  forgotten)  that  the  results  depend  to  a  ^ai  extent  on 
humidity.  We  have  done  some  work  on  the  impact  tests  «l  NOL.  Otae  can 
make  some  reasonable  assumptions  that  the  senaitlvlty  xs  largely  af¬ 
fected,  or  Is  largely  caus<*d,  by  the  adiabatic  compression  of  the  In¬ 
cluded  gas  or  gas  bubbles,  and  this.  In  tnm,  might  be  affected  ny  the 
amount  of  water.  Unless  you  make  soma  effort  to  control  humidity  and 
perhaps  temperature  of  the  included  gaa  too,  the  statistical  dispersion 
of  your  results  is  going  to  bs  so  wide  that  it  viu.  lay  open  to  question 
the  validity  of  the  impact  data,  regardless  of  the  significance  that 
you  want  to  attach  to  your  final  results. 

Mr.  Mackt  I'd  like  to  mention  that  cur  teat  room  is  eoe^jlstsly  alr- 
conditionsd,  controlling  the  constant  humidity  and  tsaqisrature. 

Mr.  Halts t  I  had  several  itama.  Tou  msntlonad  that  the  explosion 
occurred  shortly  after  the  diy  aiKonlan  perchlorate  was  added  to  the 
mixer.  Was  this  after  you  turned  tbs  mixer  on? 

Mr.  Orelnert  I  think  it  was  estimated  that  It  ran,  something  lik^  30 
to  50  revolutions. 

Hr.  Halts!  I  didn't  catch  the  cause,  then. 

Mr.  Oreinsrt  Wall,  I  don't  know  that  we  know  the  cauae  exactly. 

Mr.  Haitet  Was  thsi-s  a  ■possibls"? 

Hr.  Orelnert  I  will  farm  out  this  answer.  What  hss  been  your  experience, 
ttr.  Buckles? 

Lt  CosBwndsr  H.  Buckles.  8sval  ftnpellant  Plantt  The  only  thing  that  I 

think  we  could  mention  in  regard  to  It  is  that  ws  have  been  educated  more 
hers  in  the  past  few  weeks  than  we  bad  been  at  that  time.  We  have  found, 
both  ABL  and  oorselvea,  that  AP  whan  it  is  wet  within  specific  percentages 
of  aoetons  bscosNS  very  sensitive  to  impact,  and  I  think  in  this  partl- 
euiar  instance,  we  were  processing  a  formulation  which  bad  a  minlman 
amount  of  nitrocelluloas  and  we  bad  very  recently  added  dry  AF  to  the 
mixer  and  ran  for  about  a  mlnate-and-a-half  when,  very  suddenly,  as  sons 
of  you  saw  yesterday,  it  "let  go*  and  sort  of  fpaotarsd  a  faw  walla.  We 
believe  now  that  what  happened  wsn  that  iome  of  the  AP  bad  gotten  Into  the 
gland  and  werksd  betwean  the  shaft  and  the  gland  and  the  blade  flexing  the 
shaft  ii^aetad  against  the  gland  and  eansed  this  Initiation  within  tha  ^and 
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art^a  Itaelf  which,  of  course,  then  spread  to  the  satrtx  and  gave  us  an 
"plcerter  somewhere  over  our  forward  blade  and  tba  nizBr  and,  of  coaree, 
conpletsly  devoliehed  the  thing.  This,  we  feel,  in  idiafe  hupened.  la 
other  sigma  blade  mixers  we  did  not  have  a  disainllar  astal  gland,  bat 
had  a  stainless  steel  wall  where  the  gland  was  integral  with  tiia  wall 
and  we  also  had  stainless  steel  shafts.  V's  feel  that  onr  flexing  in 
these  shafts  is  due  to  the  blade  being  distortad  ly  the  the 

matrix  and  the  torque  of  the  motor.  We  had  an  all-araodd  dearanoa  of 
approximately  30/1000  in  oui’  shafts,  and  axtrema  gdllng  appeared  on 
the  shafts  themselves  so  we  are  quite  sure  that  tha  hlada  was  being 
distorted  to  the  degree  where  it  would  eonteet  the  glands  and,  patnr> 
ally,  a  propellant  during  the  mixing  is  being  ertteded  throat  thaw 
openings.  We  feel  that  blade-flexing  Is  shocking  the  propellant  that 
Is  between  the  glands  and  the  shaft,  and  is  eauaing  tha:>a  Ignitions. 

In  order  to  correct  this,  we  have  followed  ABL*s  of  thccght  on 
this  and  have  now  ellnlnated  any  gland  metal  In  there  at  all.  We  have 
nothing  but  teflon  inserts.  We  certainly  hops  that  tMw  Ib  going  to  be 
the  answer  to  the  problem,  and  we  are  indebted  to  IBL  for  their  think¬ 
ing  In  this  matter. 

Mr.  Halts  t  The  teflon  insert  -  do  you  ever  find  that  teHuS.  Is  rough 
on  metal.? 

Hr.  Greiner I  Let's  ask  Jim  Mack  about  it. 

Mr.  Mackt  We  have  had  up  to  four  and  five  months'  waar  and  haw  found 
r.o  appreciable  wear  on  the  shafts  themwlvee.  Maot  of  it  was  toksa  up 
in  the  teflon  inserts.  This  depends  a  lot  on  tba  portiailar  dwi^  of 
the  Insert  itself  where  you  take  tha  wear  on  the  insert 

Captain  Jenklna;  Hr.  Stnekey,  do  you  have  enythiag  that  you  odght  want 
to  add  to  thla  on  packing  glauda? 

Hr.  Max  T.  Stuckey,  Thiokol  Chemical  Corporatlont  I  don't  know  that  I 
want  to  add  to  it.  We  had  a  little  incident  in  oar  pLant  wbid>,  wa^ 
figure,  was  started  in  a  gland  so  wo  rooowd  tho  portrlTig  in  onr  gland. 

Wa  have  had  a  lot  of  difficult  with  then.  Wo  haw  txiM  all  ^poa  of 
claarancoB,  and  w«  had  exudation  of  material  -  it  hrmriil  dona  Into 
the  tilting  nochtnla  and  ewrything  olsa.  Wa  fiaolly  oont  back  to 
packing.  We  believe  in  it  W17  strongly  again,  I  warn  on  tbs 

other  side  of  the  fence.  Wo  uw  a  rather  soft  Wo  otartod 

ont  with  cotton.  I  think  laott  of  oa  uw  jato,  noow  We  soak  it  in  a 
polymer,  a  thin  polymer.  Most  of  ua  r»v,ilrs  at  lenot  U  boora  althooi^ 
the  longer  we  leave  it  in  the  polymer,  the  bettor  eCf  w  think  w  are. 

Us  get  a  slight  exudation  of  polyner  into  the  niwr.  Ha  find  teat  most 
of  tho  divlsiona  ere  standard  in  thia  now.  Wb  ehanga  ear  pnefciBg  wookly. 
We  find  very  little  eontasdnation  of  tho  peeking,  aanally  Just  the  In¬ 
side  of  the  very  first  ring  of  packing.  If  you  are  ualag  the  mam 
materiel  all  the  time,  you  could  probably  wash  that  and  renove  snat  of 
It.  I  think  all  of  ue  now  are  using  Juto  paekii^  donlsid  in  polyswr. 

It  can  be  used  either  for  vaenun  or  not.  Wo  don't  aw  eoeuun  at 
Elkton  at  the  present  time. 

UNCLASSIFIED 


UNCLASSIFIED 


Mr»  C,  M.  HaTllk,  Naval  Ordnance  Test  Station;  Ue  are  pretty  mil  co«- 
oittad  alao  to  packing.  I  don't  think  m  ham  ever  gone  to  the  systen 
where  m  do  not  use  packing.  We  ere  using  a  teflon  asbestoe  coanereial 
material,  and  m  replace  fairly  regularly.  I  had  a  question  for  the 
speaker.  I  understand  that  ABL  is  now  designing  a  new  friction  sensiti¬ 
vity  tester.  Is  there  anything  new  cn  It  was  in  the  trying  stage 

when  I  heard  of  it. 

Hr.  Mackt  The  ansmr  is  yes.  Chuck.  We  are  now  in  tr-r  process  of  trying 
to  aero  the  whole  thing  In,  and  as  you  are  mil  aware,  this  is  a  long- 
tern  proposition.  It  looks  very  proalsing  at  this  tine,  and  we  hope  to 
have  some  reports  and  docunenta  to  substantiate  these  vism. 

Captain  Jenkins  t  ffr.  Greiner,  you  said  you  were  mry  Interested  in  the 
experimental  work  being  done  here  at  the  Naval  jPropalla';t  Plant.  Are 
there  ai7  of  the  NPP  people  here  who  could  fUmlsh  us  with  some  edifica¬ 
tion  on  that  -  on  the  work  you  are  dolngT 

Mr.  T.  J.  Sullivan.  Naval  Propellant  Plantt  order  to  clear  up  the 
ansmr  as  to  whether  or  not  the  flow-down  procedure  in  the  cversolvated 
Mixes  had  anything  to  do  with  the  fire  that  occurred,  m  aade  a  eMail 
mix  In  a  1-gallon  mixer.  The  sixer,  unfortunately,  had  packing  but  the 
clearaneea  on  the  blades  mre  such  that  they  mre  lass  between  the  tadade 
and  the  shell  than  In  the  glands  of  the  prodnetion-type  nlxsr,  so  m 
felt  that  the  test  would  probably  be  OK  to  run  and  to  cheek.  We  Mads  a 
20/88  mix  using  a  solvent  eonposition  of  about  25%  total  aolvent.  The 
aloohol-to-acetone  ratio  was  uO  slcobol,  60  sestone.  That  is  what  Makes 
It  ovsreolvsted.  A  so-eallsd  "undsrsolvatsd*  Mix  would  bs  ths  saae  total 
solvsnt,  but  would  have  about  65%  alcohol  and  35%  sestons  and  would  gat 
a  blowdown  Into  ths  two-hour  Mix  cycles  -  It  would  Just  bs  full.  Wo 
ran  this  nlxor  through  the  regular  mIx  cycle  two  hours  or  so,  and  than 
startsd  the  blowdown  procedure.  After  getting  it  to  the  point  where  m 
would  have  taken  it  out  and  extruded  it,  m  Just  Isft  ths  lid  opsn  sad 
let  the  air  blow  on  it  and  ran  the  mixer  for  euothsr  5a  hours.  At  ths 
snd  of  that  5^  hours,  the  Material  in  the  mixer  was  like  gravel  -  vszy 
hard  -  sandy  -  and  when  analysed  for  Moisture,  it  was  lass  than  jfl 
Moisturs.  So,  m  feel  that  as  long  as  m  didn't  get  any  netsl-tOHMtal 
contact  to  pradaoe  its  spark  or  create  a  frictiui  condition,  that  the 
dry  propellant  alone  rutcdxig  around  in  ths  xixer  -  I  felt,  myway  • 
was  not  enoue^  to  set  the  nlxsr  off.  Going  back  again  to  the  shafts, 
we  Made  a  second  setup  which  was  just  a  bearing  with  a  slssve  nueh  like 
ths  bearing  ares  on  the  large  mixers.  Ws  dsslgnsd  It  so  that  ths  rota¬ 
tional  Tsloelty  was  tbs  sans  as  tbs  rotational  velocity  in  the  bearings 
in  ths  largs  mixers.  Ws  fittsd  a  hydraulic  piston  to  the  slevVtt  so 
that  ths  propellant  would  be  forced  through  and  around  the  elearanoe 
betuaan  ^  shaft  and  the  bearing  openings.  This  was  going  for  sons- 
thing  llko  16  hours  with  an  undsrsolvatsd  nix  and  nothing  happwMd. 

We  took  that  out,  and  it  was  pretty  near  dry.  Then  m  ran  it  also  for 
16  hours  with  an  oversolvated  six,  with  the  sane  results  -  no  inoldsnts. 
This,  again,  led  us  to  bellwre  that 
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unless  yuu  have  some  condition  where  you  get  netd.  to  nei^  contact 
and  get  some  scratching  or  scraping  som  where,  t£iat  ^  is  pretty- 

safe,  whether  it  is  under-solvated  or  (ner-eolnted.  Ib  tiie  natter  of 
sensitivities,  although,  maybe  none  of  are  real  good»  X  -Qliiik 
that  frcR  one  rdjr  to  another,  we  n-ioiild  ots  a*  least  relatlvn,  When  we 
start  getting  around  100  or  125  mm  before  we  get  ftte  fsiilures  to 
explode  or  to  detonate ,  that  is  pretty  sansitiea  staff  and  we  foand 
that  whenever  you  get  nitrocellulose,  nitroglyoeil=e  anl  IP  togsttier, 
no  matter  idiat  the  proportions,  that  you  have  this  saitsltiva  condition 
existing  in  the  mix. 

Captain  Jankinat  Anything  else  from  the  floorf 

Ur.  C,  floyars,  BuOrds  One  thing  about  tiieae  hl^  energy  syetesB  and 
the  a<!ldition  of  aamonium  perchlorate,  it  is  bad  ansu^  when  we  have 
aimonium  perchlorate,  ^ich  is  a  aonoprcpellant,  nixed  in  -with 
nitrocellulose  or  nitroglycerine,  lAilch  are  also  nanopropellants* 

7ou  triple  your  danger  rig^t  there,  any  one  canset  off  the  ottiers. 

When  we  start  adding  other  naterlals  -to  this  niaor  ingredient,  you  nay 
he  introducing  another  haxard.  I*n  thinking  ^netilealiy  of  copper. 
Sometimes  we  fomulate,  for  various  reasons,  using  copper  sslts. 
Sometimes  we  process  in  copper  or  brass.  Kow  -this  is  apparently  bod} 
copper  and  perchlorate  seem  to  be  Inconpatibls.  At  leost  the  nanu- 
facturers  of  anmonlun  perchlorate  have  found,  the  hard  wiy,  that  they 
have  to  eliminate  brass  and  copper  from  their  operations.  If  yon  want 
to  get  into  molecular  structure,  you  could  eves  explain  why  Utls 
should  be  so,  but  this  has  apparently  been  the  exp«rlem»  quits 
consistently  in  the  D.S.,  and  I  think  it  ta  aoealhlng  we  ougjit  -to 
consider  Wien  we  process  these  propellants  containing  annonlua 
perchlorate;  not  to  uae  copper  or  brass  screens,  copper  or  brass 
fittings.  The  only  thing  Z  know  against  this  Is  for  soma  yea* a  -the 
British  claim  to  have  processed  araaonium  perchlorate  propellants  In 
copper  or  brass  without  any  explosive  incident.  I  would  like  to  kxiow 
what  the  experience  of  others  has  been  in  this  regard. 

Mr.  Sullivan  I  I  may  be  wrong  on  this,  but  I  tidnk  that  what  va  found 
was  that  Uie  ammonium  perchlorate  and  copper  are  ok  together  but  if 
you  should  get  water  in  the  system  the  aaaoninB  perchlorate  forms  a 
perchloric  acid  and  reacts  with  the  copper  and  forms  aonetfalng  like  an 
azide  or  aone  chemical  compound  that,  when  it  dries,  can  be  very 
aenaltl-ve.  So  long  as  everything  la  dry  and  the  perchlorate  and 
copper  come  toget^her,  there  doesn't  seem  to  be  mjr  indieati.on  that 
-this  would  be  hazardous.  Also,  inadvertently  in  this  beating  teat 
that  we  made  up,  the  bearings  were  made  of  bxoBse  and  that  was  run  for 
16  hours. 

Captain  Jenkins;  Well,  Mr.  Oreiner,  you  mentiamed  earlier  that  a  lot 
of  your  troubles  had  been  or  had  come  about  ftsm  using  scr^. 
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**r.  Ore  inert  TTiars  waa  just,  one  inctient,  as  I  recall. 

Captain  Jenkina;  Oh,  just  one.  Mr.  Marsh  had  mentioned  this  momine: 
that  the  best  thing  to  do  with  scrap  is  "throw  it  away"  -  or  is  this 
in  a  different  field? 

Mr.  Greiner;  "Scrap"  was  the  wrong  word,  it  probabl>  should  have 
been  '•  rework"  -  which  is  0336011811/  the  sane  -  it  was  a  previous  wix 
that  had  not  come  up  to  expectations. 

Mr.  Sullivan  I  Processing  these  over-solvated  nixes  of  the 

hybrids,  we  get  heels  in  the  presses  naturally  and  these  are  saved 
atwt,  as  a  standing  nue,  we  put  back  about  pounds  per  mix  and  the 
heels  seem  to  get  ahead  of  the  nix.  At  one  tixe  we  mcde  a  nix  using 
nothing  but  rniat  you  ni^t  call  "rework"  or  "scrap"  -  300  pounds  of 
heels.  We  put  some  acetone  or  alcohol  in  this  and  worked  it  up  and, 
of  cotirse,  it  worked,  but  I  don't  know  how  many  times  we  want  to  do 
with  100^  scrap.  It  is  normal  to  put  in  at  leaat  50  pounds  of  scrap 
in  every  mix. 

ffr.  W.  E.  Schaefer.  DuPont?  Mr.  Qreincr  made  reference  to  perchlorate 
double  base  formulations Teisg  more  sensitive  to  friction  than  to 
impact.  What  sort  of  friction  test  was  used? 

Mr.  Greiner:  I  don't  recall,  at  the  moment,  do  you  remember,  Jim? 

Ifr.  Hack!  That  was  a  so-called  "Impacting  friction".  We 

dropped  severel  of  them  arouad  a  pivot  point  and  allowed  the  iriieel  to 
rotate  around  the  point  and  tills  is  one  of  the  areas  where  we  are 
quite  certain  that  we  are  not  getting  a  true  friction  test,  but  it  is 
the  one  that  has  been  used  for  a  long  time  in  the  field  to  give  a 
friction  Idontity,  at  least,  to  some  materials. 

Mr.  Schaefer;  It  la  better  than  nothing. 

Wr,  MngV;  It  is  better  than  nothing,  yes.  That  is  the  point  previously 
brought  up,  that  we  are  attempting  a  frictlan  machine  which 

Vo  hope  at  least  will  give  a  spread  on  ingredients  to  show  a  sensitivity. 
As  yet,  we  are  not  ready  to  publish  any  complete  data,  bat  we  hope  to 
be  soi>e  time  this  surnner. 

Mr.  Schaefert  How  did  this  pendulum  shoe  test  compare  with  the  sliding 
rod  sensltlvltv  test? 


Mr.  Mack;  I'd  like  to  pin  that  one  to  someons  who  is  using  the 
sliding  rod  test.  We  do  not  use  it.  Wb  do  not  have  any  correlated 
data  on  our  own  installation. 
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Car  tain  Jenklna;  Does  anyone  xjsc  the  sliding  r*v4  tAst-? 

Mr.  Mack!  I  think  NPP  does,  yes,  but  how  mudi  faith  anyone  has  in 
it - . 

Captain  Jenklrib;  Mr.  Schaefor,  you  had  cxprearyl  a  parttcular  Interest 
in  small  niljres  and  so  far  we  harre  been  dealing  wiUi  tiw  oig  onss,  so 
if  you  don't  get  answers  to  your  satisfaction,  you  bting  that  up  later, 
will  you? 

Mr,  L,  J.  Shaw,  Air  Force  Plant  66t  This  business  of  scrap  dapends 
eniirely  on  whot'  you  are  siixlng  and  what  sort  of  propellaat  you  are 
talking  about.  Our  aaperience  Is  the  opposite  of  what  2rQu  ham 
stated  here.  Ve  have  reduced  our  scrap  to  aLMst  nothing  Taj  tfaroaing 
reworked  grains  into  Saker-Perklns  mixer  and  using  it  for  grinder 
and  In  effect,  have  never  had  an  incident  inrolvlng  such  a  procedure. 

We  take  an  87*  or  90-pound  grain  and  put  it  back  in  a  liOO-pound  mix 
and  grind  the  whole  thing  up  and  use  It  dzy  without  a  slurry  or 
anything  and  we  hawe  never  bad  an  incident.  Ue  broke  up  a  lot  of 
mixers,  but  we  have  strengthened  the  bearing  surface  or  thn  nixar  and 
we,  in  affect,  now  use  it  for  a  crusher.  In  addition  to  the  mixing, 
we  crush  it  at  the  same  time.  We  do  the  saisa  thing  with  perchlorate 
rework,  however,  we  don't  crush  the  grain.  Vfe  do  use  the  shavlugs 
where  we  iiave  trimmed  them  to  sise,  and  we  have  reduced  our  scrap  and 
rejects  to  practically  nothing  except  for  what  falls  on  the  floor. 

Mr,  Haitet  I  think  this  ini0»t  be  a  point  to  mention  about  mixers  — 
vs  have~Deen  looking  for  years  at  vertical  mixers  to  eliminate  the 
submerged  packing  plan.  They  have  all  been  tried  with  varying  Mounts 
of  success,  not  every  mlror  on  the  market,  but  most  of  them.  We 
finally  have  this  vertical  rlxer  now  that  we  think  ml^it  be  the  answer 
to  the  problem  on  proce.^s.  It  is  more  or  less  a  eosbinatisn  of  the 
Input  from  various  propeLiant  people  in  the  conntiy  and  it  looks  like 
it  is  going  to  do  a  real  good  job.  There  are  none  in  operation  yeti 
they  are  being  readied  to  put  into  operation.  This  may  be  one  of  tte 
answers  to  yoiir  miier  problem, 

Mr.  D.  E.  Endsley,  AFK58.  Air  Forcet  Greinsr  does  have  one 
prebIem^~rTeIIeve7~tEa?Tiiin'IT'Eeen  solved  and  I  don't  think  we  have 
had  a  response  from  the  floor  and  that  ia  the  transfer  problam  of 
anmonium  perchlorate  wet.  Can  anyone  help  him  ont  cn  this? 

Mr.  Haite!  How  do  you  mix  your  ammonium  perchlerata  solvent?  How  do 
you  get  It  wet  in  the  first  place? 

Macki  _  I  hate  to  admit  this  in  ptdolle,  but  usually  it  is 
"Tjucket  to  paddle" .  Tou  see  at  ABL  we  are  concerned  with  vary  small 
amounts  in  propellant  manufacture  in  terms  of  sizing.  Ws  are 
basically  working  In  the  areas  of  one  pound  or  Morter  pound  mixer. 
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Up  to  a  lO^ound  mixarj  and  to  120,  w  go  to  HPP  or  Radford  or  aone 
other  Installation  for  aanufactura  of  large  quantities  of  casting  powder, 
for  our  use.  Here,  of  course,  is  where  the  ser^  comes  in,  and  I  ijnagine 
that  they  are  probably  using  a  container  and  adding  the  solvent  to  the 
container,  and  stirring  it  up  with  a  paddle. 

Mr.  Greiner t  That  la  right, 

Mr,  Maelct  So  it's  a  b*iclcet>and>a^addle,  again. 

Mr.  Haltei  Can't  you  just  dunq)  the  bucket  into  the  sixer'/  Just  turn  it 
upside  down  and  dump  it  in?  But,  ynit  want  to  do  it  remotely. 

*t-.  Mackt  This  concerns  doing  it  remotely,  yss,  but  wbst  it  requires  is 
scraping  the  bucket  down  with  a  rubber  spatula  or  someti.ing  of  this  nature 
We  are  talking  in  tenu  of  an  area  of  about  15m  to  2C^  eei.  a?  will  uub 
quite  flow,  but  almost. 

Mr.  Haitet  We  have  a  similar  situation  which  has  developed  in  the  past 
which  we  have  tried.  This  Is  to  —  instead  of  having  Jnst  a  simple 
bucket,  in  the  bottom  of  your  backet  you  can  have  a  diaphragm  of  sosm 
type  that  you  can  force  out. 

Mr.  Mackt  Actually  pop  the  diaphragm  out  — 

Mr.  Halte>  One  way  or  the  other,  yes,  with  your  can  in  position.  lou 
can  either  have  a  plunger  in  the  bottom  of  the  can  which  pushes  the 
material  out,  or  bnak  the  dl^hragm. 

Mr.  Mack:  This  is  in  a  plastic  container,  or  a  metal  container? 

Mr.  Haitei  Either  one.  It  was  done  In  metal  with  wooden  fixtures,  but 
you  can  taka  your  choice.  It  la  not  a  finished  item  >  a  manufactured 
item  -  but  we  did  do  the  sane  thing. 

Mr.  Mackt  We  will  probably  try  it. 

Hr.  g.  M.  Rochford.  Hercules  Powder  Coapanrt  In  order  to  verily  Hr.  Mack* 
atatamsnt,  we  made  a  few  thousand  pounds  of  this  higb>«nergy  base  grain 
and  followed  this  procedure.  We  put  the  ■mcinliim  perchlorate  in  a  bucket 
and  poured  eons  solvent  In  on  top  of  it.  This  ecmss  out  like  e  pancake 
tatter.  We  dotted  it  in  the  mlzer,  and  saved  a  llttls  solvent  to  rinse 
ths  container.  It  ia  not  a  production  mstbod  and  we  do  not  intend  to 
opera  that  way  on  real  production. 

Captain  Jenkins  t  Anything  elee  to  bring  up?  The  next  presentatl<m  will 
be  given  by  Mf.  Cwlngs,  of  the  Raval  Propellant  Plant. 
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mte,  jBliB  T.  Or*«y",  Pfop»lXMrt  PfgJta  Qffl«<r,  actlw  of  tlMt  gwrtMttwLl.  air»etor> 
STATIC  IGNITION  SENSITIVITY  OT  ETBER-ALCOaOL-ACCiaB  AND  PHORtLUBT  DOST 

In  the  Mnutactur*  of  slnglo'baae  propalUac,  tlM  buic  ingndlent 
d1  trace lluloao  (NC)  la  dauviiratad  «^th  alcohol,  tho  aleotaal-woC  NC  la 
■Ixad  with  other  and  varloua  additlvaa  (atablliaor,  plaatielaor,  dotarrant, 
ar"  },  and  tha  raaultant  aaaa  la  knas^*d  or  ■aeorotod  iato  *  iiocvjr  "dough" 
and  extruded  aa  perforated  roda  whlcn  are  aqc»«;^atlv  cnC  Into  aolwent* 
wet  propellant  gralna  of  the  dealred  length,  b  tialalM« -ztoge  oporaelona 
the  aolvent-wat  propellant  gralna  are  aubjoecod  to  ■  aolwoBt  roeoworr, 
water  extraction  and  air  drying  ae<\uence  of  opocatiowa  to  rcdaco  the  re- 
aldual  aolvent  content  to  the  dealred  lewnl,  and  than  chn  ftnlahad  pro¬ 
pellant  la  blended  and  packed.  In  exlating  typo  oparaclonn, . Ckt  aolwant- 
wet  propellant  la  rapeatedly  axpoaed  to  atMophoric  oagrtas  daring  ■ovoaent 
froa  one  “batch"  operation  to  the  next  which  ccaatea  eoairaaciblo  vapor/alr 
alxturea  which  are  aenaltlve  to  aperk  Ignition  fr&a  atstlc  elostrlclty. 

In  addition,  the  flnlahed  propellant  la  rapeatedly  hanJ'ed  during  tha 
finiahing  opeceiiuoa  wlilcli  createa  duat  ladan  atsBapharas  aa  wall  aa 
duat  filaa  In  bulldlnga  and  on  equlpaant  idilch  era  aenaltivn  to  apark 
Ignition  froa  ftatlc  electricity.  Slallar  atatie  haxarda  exlat  in  tha 
aanufecture  of  double-baae,  trlple-baae  and  co^poaita  pcopallaaca. 

The  purpoae  of  thla  paper  la  to  review  th*  atatie  haaarda  atudy  con¬ 
ducted  at  Indiana  Ordnance  VOrka  ralatlva  to  the  aanafactwra  of  alngla 
baaa  propellant.  The  atatie  haaarda  atudy  waa  (1)  aa  intanaiwe  inveatl- 
gatlon  of  the  electrical  proportloa  and  brevier  of  aolvaac-wot  and 
flnlahed  propellant  gralna  under  both  atctie  and  iyaaaic  eoaditlona, 

(2)  an  experlaental  evaluation  prograa  to  oatabliah  tha  atatie  ignition 
aenaltlvlty  of  dlothyl  ether,  ethyl  alcohol  and  acotoao.  vapora  aa  wall  aa 
propellant  duat  filaa  and  duat  laden  ataoopharoa,  and  (3>  a  quantitative 
atudy  of  the  nature,  origin  and  aagnitude  of  atatie  chargaa  davaloped  by 
aen  and  aaehlnery. 

THEOrr  GP  STATIC  ElKTSKITT 

Static  electricity  aay  be  defined  aa  aa  electric  charge  at  reat. 

For  every  etaelc  charge  of  polarized  electricity  (either  a  poaltive  or 
negative  charge)  on  the  aurface  of  a  aubataace,  aa  equal  charge  of  oppo- 
alte  polarity  auat  be  preaent  on  a  nearby  abject.  Static  chargee  nay  be 
created  In  two  waya:  (1)  by  contact  and  aaparatloa,  aad  (2)  by  elactro- 
atatlc  Induction. 

>\ 

When  dlaalailar  aaterlala  are  preaaod  togather,  frea  aloetrona  nay 
shift  iron  the  aurface  of  one  aaterlal  to  tha  anrfaca  of  the  other.  On 
acparatlon,  the  new  distribution  of  electrical  chnrgos  will  poralat  If 
one  cr  both  of  the  aaterlala  arc  nonconductora.  The  txanafor  of  electrona 
by  contact  and  aeparatlon  la  often  facilitated  by  firictioael  contact,  auch 
aa  rubbing.  The  rubbing  action  doea  not  craata  tha  duurga  but  ia  a  naaaa 
of  bringing  wore  polnta  on  the  aurface  la  contact.  Tha  extant  aad  direction 
of  electrical  shift  depend  on  the  na'rure  of  die  naterlala  and  are  usually 
In  accordance  with  thefr  petition  In  the  triboeleetric  series  as  praaeated 
In  Table  A.  Bach  subsi.«Tic^.  In  thla  table  becooM  positively  charged  when 
rubbed  against  any  substance  lower  In  the  series. 
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Electroit«tlc  I'ductioa  My  b«  defied  as  TABLE  A 

rha  ect  or  pressss  ct  sepersting  poaltlva  and  TEIBOELECTtIC  SEEIES 

negaciva  chargaa  on  Cha  aurfaca  of  any  nautral 
eubacance  vhan  placad  naar  an  ^Isstrlfisd  ubjact.  (f)  Aabaatoa 
A  charged  object  will  Induce  a  charge  of  oppoalte  Glaaa 

polarity  on  the  nearest  face  of  a  neu*'ral  substance  Mica 
and  a  charge  of  like  polarity  will  appear  on  Ch:  Wool 

opposite  face  of  the  neutral  substance.  The  Cat  Fur 

neutral  subatance  My  be  either  a  conductor  or  a  Lead 

nonconductor;  however,  the  surface  resistivity  Silk 

to  the  noveMnc  of  an  electric  charge  la  nuch  Aluninua 

greater  In  the  case  of  a  nonconductor  than  a  Paper 

conduc  tor .  Cotton 

Hood 

The  following  typical  exaaples  ara  lllua-  Sealing  Han 

tratlona  of  the  pbenoMnon  of  electrostatics:  Ebonite 

Ml,  Cu,  Ag,  Braes 

1.  An  Individual  My  sscunulate  a  static  Sulfur 

charge  by  contact  and  separation  with  Pt,  Mg 

rugs,  floors,  MlkMys,  etc.,  when  (~)  India  Rubber 

wearing  nonconductive  shoes,  especially 

when  the  atMspharlc  hualdlty  la  relatively  low. 

2.  A  Moving  vehicle  My  accuawlate  a  static  charge  by  contact  and 
separation  since  the  tires  are  easentlally  nonconductors. 

3.  A  tank  truck  My  accunulate  a  static  charge  by  contact  and  sapa- 
ratlon  due  to  the  liquid  flowing  through  a  discharge  pipe. 

4.  A  building  or  eleveted  object  My  accusulate  a  static  charge  by 
electrostatic  Induction  fron  an  electrified  cloud. 

5.  Propellant  gralM  My  accunulate  a  static  charge  by  contact  and 
separation  fron  novsMnt  throu^  a  pipe  or  novsMnt  during  the 
air  drying,  blending  and  packing  operatloM. 

6.  Belt-driven  nachlMry  My  accunulate  e  static  charge  by  contect 
and  separation  of  a  belt  passing  over  drive  pulleys. 

Regardless  of  whether  static  chargea  are  created  on  substances  by  (1) 
contact  and  separation,  or  (2)  electrostatic  Induction,  the  unlike  charges 
continually  seek  to  reco^lM  and  Mutrallse  the  electrical  potential.  As 
charged  bodies  are  novnd  nearer  to  eech  other,  a  spark  will  are  between 
the  two  bodies  before  contact  If  the  Initial  potential  la  grMtar  than  the 
■IvtlriM  sparking  potential  of  27S  volts.  On  the  other  hand,  an  el><':tre* 
static  charge  My  be  readily  dissipated  by  (1)  proper  grounding,  (2)  proper 
Mterlals  for  equlpMnt  and  wearing  apparel,  and  (3)  ionisation  of  the 
atnoaphere. 

The  acciKulatlon  of  static  charges  on  adjacent  objects,  separated  by 
a  dielectric,  creates  a  strong  electrostatic  field  capable  of  storing 
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electrical  energy,  which  fuacciona  aa  a  confcaaer.  For  exanpla,  a  coa- 
4enaer  nay  ha  foraad  between  an  individwal'a  Coat  and  thn  ground  with  tha 
ahoe  aulea  acting  aa  the  dielectric.  The  cagecttanca  of  an  svarage  aiaa 
■an,  apgroxinataly  170  pounda  in  weight,  wearing  nornal  noaeonduetiva 
ahoea,  0.73  oa  thick  with  a  dielectric  conatant,  (K)*5,  and  an  area  of 
2S0  aq  eai,  nay  be  eatinated  Isea  the  following  agnation; 


C 


0.088  X  5  a  500 
0.73 


300  auifd 


where:  C  Capaeitance  (nafd) 


A.  m  Aral  os  bod:  ahoa 


aolon  {eg  ca) 

S  m  nielactrio  eonata”.-: 

of  ahoa  aolaa 
d  a  faparntion  froa 
ground  (ca) 


The  literature  reporta  and  experlaentai  finainga  confine  that  tha 
atatic  potential  accuaulated  on  a  aan'a  body  ia  priaarily  dependant  on 
the  type  of  clothing  worn  by  the  individual  and  the  ralativa  huaidity 
of  tha  ataoaphere.  For  axaapla,  tha  aaalaua  potantial  which  a  nan  can 
aecianilata  on  his  body  is  about  10,000  volts  whaa  wearing  aoueonduetive 
ehoes  and  either  cotton  or  wool  clothing.  The  energy  aguivalant  to  tha 
atatic  charge  accuaulated  on  a  wen's  bo^  may  be  eatiaarod  fsoa  tha 
following  aguation: 

y  _  C8^  idwrat  C  •*  capaeitaaeo  (farada) 

2  la  potantial  (volts) 

,,  ,  V  a  aaargy  (Joules) 

W  =  300  X  l.qii,p  nsum)l  ^  0.015  joula. 

For  eouparativa  purposes,  tha  voltage  ragwirad  for  aintawa  igaitioa 
energies  aay  he  placed  on  a  aaa-eguivaleat  basis  by  nsa  of  the  axprassioa: 


«  _  u  /  ^2  where;  fj  a  Hna*agsivsleat  voltage 

'^l  ~  2  *\l  0.0003  Fa  *  voltage  at  ainiana 

ignition 

Ca  a  capaeiranca  at  ainiana 
ignition  _ _ 

unumxu. 

The  firat  part  of  the  asperiaantal  prograa  was  aa  iavestigatioa  of 
the  electrical  properties  and  behavior  of  solvnse>wet  and  finished  pro¬ 
pellant  grains  under  both  static  and  dynaaic  eeaditions.  Tha  nagnituda 
of  static  accwBulation  on  propellant  grains  and  aaehiiiery,  created  by 
pnatwutic  conveying  (airveyi^)  of  finished  prapallaut  grains,  increased 
as  tus  electrical  resistance  of  tha  conveying  systnn  was  iacraased  and  aa 
tha  relative  huaidity  of  tha  surrounding  air  daerwased.  ty  growadiag  tha 
pnaiMtie  conveying  tuba  and  powder  receiving  centainer,  iriiieh  eoupriaad 
the  conveying  systen,  the  static  charge  was  effectively  discharged  aa 
fast  as  generated  due  to  tha  lower  rasistaaca  path  M  ground.  On  tha 


UNCLASSIFIED 


UNCWSSIFIED 


other  hand,  the  static  accumlation  was  Incraasad  by  insartlng  robber  and/ 
or  luclta  liisulators  between  the  poisdar  racelvlng  container  and  ground  to 
Increase  the  electrical  realetanca  to  grorind. 

The  static  charge  generated  by  repeated  contact  and  separation  of 
powder  grains  when  alrveyed  was  a  straight  line  function  of  the  relative 
hunldlty  of  the  atnosphare.  As  the  relatwf  hiasidity  increased,  noisture 
collected  on  the  nonconductive  surface  which  nada  the  i«repallant  grain  a 
better  conductor  of  electricity.  The  noisture  film  which  formed  on  the 
grain  decreased  the  surface  resistivity  and  provided  >*  conductive  path 
for  opposite  ebarges  to  reco^lne  or  flow  to  ground.  The  effect  of  hu- 
nldlty  on  static  accuaulation  relative  to  alrveylng  finished  lOf  mm 
Rowlteer  propellant  grains  is  illustrated  by  the  data  presented  in  Table 
B. 


TABU  B 

STATIC  POIBBTIAL  ACClBfDLATBD  BY  AXBVBTiaG 
_ FnraSHBD  PPOPin.t.Agr  CTAiwa _ 


Kelatlve  Moisture  Capacitance 
Hisildltv  of  Powder  of  Systen 


m _ g)..-. 

20  0.4S  65 

30  0.45  65 

39  0.43  65 

50  0.43  65 

64  0.60  68 

71  0.40  65 


Measured 

Man- 

Potential 

Knergy 

Rquivalent 

f volts) 

floules) 

-Ypltage. 

20,690 

0.01391 

9637 

15,920 

0.00824 

7416 

13,740 

0.00614 

6400 

9,760 

0.00309 

4546 

4,765 

0.00077 

2272 

1,495 

0.00007 

696 

The  results  of  airveylng  solvent -war  powder  indicate  no  appreciable 
static  accunulatlon.  Test  samples  of  solvent-wet  powder  were  alrveyed, 
and  In  every  esse,  no  static  accwulstlen  was  detected  during  the  first 
five  passes  through  the  conveying  tube.  During  that  tine,  it  was  postu¬ 
lated  that  contact  and  separation  were  easentially  contact  of  vapor  on 
the  grain  with  vapor  on  the  surface  of  the  conveying  tube.  As  the  test 
runs  were  repeated,  tha  vapor  concentratinn  decreased  and  tbs  measured 
charge  Increased  to  an  average  of  980  volts  during  the  next  ten  peeses. 
Repeated  passes,  sfter  leaving  the  test  sssiple  exposed  to  the  air  at 
saibient  temperature  for  24  hours,  decreased  the  vapor  concentration  to 
the  point  where  contact  and  separation  of  the  grain  with  the  conveying 
tube  created  a  static  charge  of  4500  volts. 

The  second  part  of  the  experimental  progrms  was  to  establish  the 
static  Ignition  sensitivity  of  diethyl  ether,  ethyl  slcohol,  and  acetone 
vapors  as  well  as  propellant  dust  films  sad  dust  laden  atmospheres.  The 
nininum  ignition  energy  was  deteraiasd  for  both  propellant  dust  laden 
ateospheres  and  various  thicknesses  of  dust  films. 

The  static  Igultion  sensitivity  of  propellant  dust  films  and  dust 
laden  atmospheres  varies  with  the  relative  humidity  of  the  air,  particle 
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else,  flla  tblcknesa,  conc«ucr«tion,  aoletur*,  Mmt  coapositloa  of  tho 
dusc.  Testa  Indicated  that  the  energy  required  to  Ignite  propellant  dust 
iacrccscd  directly  with  the  eoiature,  partlcls  sirs  s£  ehe  duet,  and  the 
relative  hiaildlty  of  the  surrounding  air.  Dust  col teeted  fruo  plant  oper> 
atlona  with  inert  oaterlala  present  required  a  greater  igpltioo  energy 
than  synthetic  dust  free  of  Inert  natarlai>:.  &  addition,  these  casts 
Indicated  a  critical  dust  fllai  thickness  of  O.QGd  -  0  SiZ5  inch  for  nini- 
anas  Ignition  energy.  These  exparlsMntal  decs  am  preseafeed  in  Tkble  C 
and  Figures  1  and  2. 


TABU  C 

STATIC  IGHinOW  SEWSITlVITt  OF  llBWttLAEr  MBT 


Dust  Film  Dust  Cloud 


Propellant 

Particle 

Man- 

Kan- 

Oust 

Sire 

Energy 

Equivalent 

Energy 

Bqnivalent 

Connoslcion 

fnlcrons) 

f loules) 

(loulea) 

Foltaae 

Ml  Plant 

149 

0.2250 

38,730 

0.1620 

32,860 

74 

0.0841 

23,750 

0.1320 

29,760 

47 

0.0529 

18,840 

0.0563 

19,370 

37 

0.0265 

13,280 

0.0176 

10,840 

Ml  Synthetic 

149 

0.0680 

20,770 

0.1634. 

33,000 

74 

0.0221 

12,120 

0.0545 

19,050 

53 

0.0175 

10,840 

0.0221 

12,120 

43 

0.0128 

9,230 

0.0137 

9,550 

M6  Synthetic 

149 

0.0722 

21,930 

0.0900 

24,530 

74 

0.0221 

12,120 

0.0545 

19,050 

53 

0.0194 

11,360 

0.0063 

6,450 

43 

0.0096 

8,000 

0.0046 

5,550 

Ignlclblllcy  Units  and  Che  nlnlaun  ignition  aaarglea  warn  eatabllshed 
for  conbuatlble  vapor/alr  nlatures  of  ether,  alcohol  and  acetone.  In  every 
case,  the  lower  Ignltlblllty  llaic  was  aom  sharply  dsfined  and  nom  easily 
detemlned  than  the  upper  Halt.  The  flaaas  shservad  for  ether  ignitions 
wars  faint  blulsh>whlte  in  color  which  were  difficalt  to  sea  near  die  upper 
lialt  even  In  a  dark  roan.  An  ether  nixture  aaar  dw  upper  Ilait  of  10. Ot 
by  voluBw  would  often  fire  die  second  tine.  The  sgesvsao  flaae  for  ether 
near  the  upper  Ignlclbility  Unit  was  difficult  tn  detect  and  above  this 
level  could  not  be  discerned.  The  upper  ignitlbility  Unit  of  ethyl  alco* 
hoi  was  not  deteminad  since  tha  vapor  pmosum  of  ethyl  aleahol  ia  only 
100  an  Hg  at  33*’C  which  Units  Che  accurate  vnpeciiacinn  and  i^xiag'shova 
lAt  by  voluna.  Kxperlnencal  data  illustrating  tin  aenaiciviqr  of  adier, 
alcohol  and  acetone  at  varioua  concentrations  tn  specie  ignition  fron 
static  elactricity  are  presented  in  Table  D  and  Fignm  3. 
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FICUBE  1 
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EFFECT  OF  DUST  FILM  THICKNESS  ON  STATIC 
IGNITION  SENSITIVITY  OF  SMOKELESS  PROPELLANT  DUST 


IHH 

Hil 

Pim 

iHi 

■■ 

■ 

1 

WKk 

MU 

H 

1 

. . . 

OUST  FILM  THICKNESS  (INCHES) 
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EFFECT  OF  DUST  CONCENTRATION  ON  STATIC 
IGNITION  SENSITIVITY  OF  SMOKELESS  PROPELLANT 


Ml  sy 

— 

1THETIC 
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H 

iBB 

i—  U  h 
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j 
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TABLE  D 

STATIC  ICWmOlt  SEBSITIYITT  Of  ETHER-ALCOgQL-ACSTOsa 

Dlathyl  Eth«r  Ethyl  Alcohol  Acatoaa 

Conccn-  lUa-  Han-  Man- 

tratlofi  Enargy  Equivalent  Energy  Equivalent  Energy  Equivalent 

(t  by  vol)  noulea)  Vo  1  tana  f loulea)  ?->i tane  floulea)  Toltaae 


Did  not 

ignite 

0.11750 

0.00310 

0.00044 

0.00014 

0.00013 

0.00013 

O.OOOIS 

0.00017 

0.00025 

0.00385 

0.02304 

0.09310 

0.24713 

0.36340 

Did  not 

Ignite 


28,000 

4,610 

1,700 

980 

930 

930 

1,010 

1,060 

1,290 

5,060 

12,360 

24,900 

40,600 

48,350 


Did  not 
ignite 


0.11838 

0.02470 

0.00606 

0.00143 

0.00056 

0.00044 

0.00042 

0.00042 

0.00046 

0.00063 

0.00131 

0.00209 


28,090 

12,840 

6,360 

3,060 

1,940 

1,700 

1,660 

1,660 

1,760 

2,040 


Ignitibility 

Liaita 

Exploaive 

Liiiita 


2  to  101 
by  voluaM 

1.7  to  48X 
by  yoluM 


0.02900  13,900 

4.5  to  I7.»ft 
by  voluM 

3.28  to  191 
by  voImm 


Dill  not 
limite 


0.09685 
0.01.581 
0.0*1257 
0.00131 
0.00081 
0.00066 
0.00075 
0.00084 
0.00C91 
U.  00106 
0.00206 
0.01606 

0.13831 
Did  not 
ignite 


28,390 

10.250 

4,130 

2,950 

2,330 

2,150 

2,240 

2,350 

2,450 

2,650 

3,750 

10,450 

30,350 


3.5  to  12X 
by  yoliaw 

2.5  to  131 
by  yoluiee 


The  third  part  of  the  experiaental  prograa  una  a  quantitative  atu^ 
of  tiie  nature,  origin,  and  nagnitude  of  atatie  ebargea  developed  by  nan 
and  naebiaery.  The  ^ccu-vilation  of  atatie  alectrici^  on  an  individual 'a 
body  ia  a  function  ot  ii'  relative  hunldlty  of  the  air,  the  type  of 
clothing  worn  by  tL"  ’Avidual,  the  electrical  eharacteriatica  of  the 
flooring,  and  the  dielectric  propertiea  of  the  oboe  aole  naterial.  The 
data  oreaantad  in  Table  E  were  obtained  by  aeaauriag  tha  atatie  voltage 
created  on  an  individual 'a  body,  under  varying  coaditioaa,  when  riaing 
from  a  leatherette-covered  office  chair. 
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EFFECT  OF  ETHER-ALCOHOL-ACETONE  CONCENTRATION 
ON  STATIC  IGNITION  SENSmvrTY 


2  4  a  a  10  12  M  M  la  ao 


CONCENTRATION  (%BY  VOUiME) 
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TABU  K 

STATIC  POtnrrUL  1«ASDMD  OM  am  IBL..WaaAL'8  bopt 


Salat  tiv* 
Huaidity 

1 

Typ«  of 

Typa  of 

Potential 

«) 

Clothlna 

Inaulatlon 

(volta) 

17 

Wool 

AawCf  fcft 

24.100 

16 

Wool  and  Cotton 

Luelta 

17,200 

11 

Oynal 

Luelta 

17,800 

11 

Cotton 

Luelta 

12,800 

34 

Wool  and  Cotton 

Luelta 

10,600 

40 

Wool  and  Cotton 

Luelta 

7,515 

55 

Wool  and  Cotton 

Luelta 

990 

34 

Cotton 

Luelta 

-  6,300 

40 

Cotton 

Luelta 

2,477 

4S 

Cotton 

Luelta 

0 

35 

Cotton 

Conduetlva  Shoaa  on 
Conductlva  Floor 

0 

35 

Cotton 

Concrata 

0 

35 

Cotton 

Wood 

890 

28 

Cotton 

loneondnetlva  Shoaa 
Conduetlva  Floor 

on 

1,635 

35 

Cotton 

Coneratit 

660 

35 

Cotton 

Wood 

1,000 

laaL  T. 

haaBb  OmUj 

tosMi  S  to  too  ] 

Mwt  to 

Bte  flato  as  aamtoi 

It  to  «hs  toto  latto  1 

itoaailHcat 

Mr,  Otiattn  Vltta«B  iMnlac  • 
tM*  Bkigr  ftirljr 


IcataA  M  • 

■!■!■■■  iMdtlM 

m  •  fUa  mA  la  • 

Mr,  MMki  Ok  romr  air  ■■owyaan  vacfe*  aaaU 
ralatiTi  ralaaitics  aat  ralaklT*  y 


ta  iMk  at  taCiMta  aa  aav,  I 
A  fila  earn  Ba  Jaafe  aa  wal3jr 

WuMtuZ  TTSSkf  aai  tta  aflaai  Ualtlaa 
it  aaaU  to  ,M9S, 


«lto  to 


aa  ta  tto 
Mfet 


Mr,  Olatoi  I  to  aat  nai««aA  ta  fito  tkat  to  this  tias. 
{Sai  l  toalA  famah  ym  aa  this. 

to  toaU  lito  ta  tosaass  it. 


Ctotkiia 


it  avaUshls 


Mr.  Oaistol  0.  K. 

It 

Tm 

Ctoiala  Aakltot  XtoitoataUx,  Mr*  OBlto*  tot  tto  gartliais  ato  tollsn  hla 
£.  kailaaoaT'litoh  hara  vatan  tea*  ahleh  ralato  ta  thair  jrasatoatiaas, 
toiah  axa  avaUtola  ta  aU  a«  jpaa.  toaak  ym.  ymj  toah,  Mr.  tolsto*  Mr. 
lAUsaca,  alas  a  Chaaiaal  toglMar  to  tto  Wn,  altl  tato  t*  Mw  atojaat  af 
xaaota  jraaaaalnt  af  eatoiag  jiata^. 
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SEMOTS  CONTROLLED  GLAZING  AND  SCRBENDK  ON  CASTING  PONDERS 


The  majority  of  the  caatlng  powder  produced  at  the  Naval  Propellant 
Plant  haa  been  manufactured  in  facllltlaa  'ht'cb  ware  designed  and  built 
for  the  proceasing  of  single-  and  triple-base  gna  propel  lants.  Whereas 
sosM  of  these  facilities  are  adequate  for  the  produetiott  of  single-base 
and  double-base  propellants,  safety  conaideratiflns  and  explosive  capacity 
limitations  obviate  their  use  for  the  processing  cf  new  high-energy 
powders  containing  nitrocellulose,  nitroglycerin,  aluninua,  and  annoniua 
perchlorate.  Additionally,  the  explosive  classification  of  donble-base 
casting  powder  has  been  changed  frow  Class  B  to  Class  A.  Consequently, 
a  program  has  been  initiated  to  modernise  and/oc  relocate  certain  oper¬ 
ations  that  are  in  the  haaardous  category,  la  some  cases,  the  foregoing 
procedures  nnr  feasible  except  as  an  interim  aeasure,  and  new  facili¬ 
ties  are  required. 

To  illustrate  how  facilities  are  being  modernised  and  converted  for 
remote-controlled  operation  at  the  Naval  Propellant  Plant,  1  will  use  the 
glasing  and  screening  of  casting  powder  so  am  example. 


Casting  powder  is  glased  or  coated  with  graphite  for  the  purpose  of 
polishing,  compacting,  and  rendering  the  grains  electrecemduetive;  the 
operation  is  accomplished  by  tumbling  in  a  copper  barrel.  The  powder  is 
subsequently  screened  in  a  Creat  Was  tarn  sati -gravity  mschtme  to  remove 


fines,  agglosMraces  and  oversise  material  to  is 


easting 


unclassified 


characteristics. 


UNCLASSIFIED 


Prior  to  1959,  the  glazina-«iul-acreer.ing  operatlona  wera  conducCad 
in  two  Idantlcal  brick  buildinga  located  ia  the  Singla-Baae  Propellant 
Lina.  Figure  1  ia  an  exterior  view  of  the  front  of  one  of  these  buildinga. 
Figure  2  ia  an  interior  view  of  one  of  theae  buildinga  and  shows  the  tyoical 
arrangeaant  of  the  equipMnc  therein.  Figure  3  shows  ci  *  screening  eechine. 
Theae  facilities  are  no  longer  utilized;  however,  the  following  description 
of  the  operations  is  given  for  the  purpose  of  cos^arlson  with  the  aodemized 
facility. 

vEscumoH  or  opskatioms 

After  being  dried  in  a  forced>atr  dry  houae,  the  casting  powder  was 
packed  in  Mark  24  powder  boxes,  approxlnwitely  150  pounds  per  box,  end 
transported  to  the  glazing  and  screening  building  via  rail  or  truck.  The 
powder  was  then  transferred  to  a  lSO>pound-capacity  copper  eoncsiner, 
weighed  and  nanually  charged  to  the  barrel.  This  procedure  was  repeated 
until  a  1,000'pound  Increwent  was  obtained,  whereupon  approxiaately  160 
graws  of  graphite  was  added.  The  building  was  then  evacuated  and  tha 
barrel  was  started  from  a  switch  located  on  tha  outside  wall  of  the 
building.  After  cowpletion  of  the  glaze  cycle,  which  required  three 
hours,  the  operators  returned  to  the  building  and,  utilizing  polynthyltoe 
scoops,  ewptied  the  contents  of  Che  barrel  into  fibre  containers.  The 
Grant  Hastern  screening  nacbine  was  then  started,  and  powder  fron  the 
fibre  druas  was  charted  to  the  screen  feed  hopper. 

This  type  of  screening  machine  used  was  of  nooden  box  construction 
end  was  vibrated  by  an  electric-driven  eccentric  located  on  the  bottom 
of  the  box.  Casting  powder  flowed  through  the  hopper  and  was  distributed 
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onro  Che  heed  end  of  e  di<rided  sieve  which  reaoved  Che  fines.  The  easting 
powder  flowed  to  Che  tell  end  of  Che  uchlne  where  It  passed  through  the 
sieve,  and  Che  overslsa  flowed  off  the  end  of  the  slave.  The  easting 
powder,  overalse,  end  fines  were  discharged  througo  sapzrsfa  chutes  at 
Che  tall  end  of  Che  ■achine  and  were  collected  in  tV*r-  contelnere. 

After  screening,  Che  casting  powder  was  weighed  Into  Mark  24  powder 
boxes,  ISO  pounds  per  box,  and  transported  to  «  scnrage  point  where  It 
was  held  pending  the  cross-blending  operation.  During  1957  and  1958, 
approxlwacelp  936,000  pounds  of  single-base  caatlng  powder,  1,532,000 
pounds  of  double -base  casting  powder,  and  88,000  pounds  of  high-energy 
casting  powder  were  satisfactorily  processed  In  these  facilities  without 
■Isbap. 

Froai  this  record  of  suacatned  operation  without  Incident,  It  nl^t 
be  stated  chat  cba  facility  was  adequate  safeCywlse. 

However,  on  31  Oecewber  1958,  a  deflagration  occurred  In  Building  298 
while  a  high-energy  casting  powder  was  being  acraened.  The  force  of  the 
deflagration  destroyed  the  building,  killing  two  operators  and  severely 
Injuring  two  others.  Operations  were  iweedlacely  suapeTided  la  Che  re- 
sMlnlng  building.  As  a  result  of  the  Investigation  that  followed.  It 
was  r  ^oanMnded  that  the  glaxlng-aad-screenlng  process  be  rsastsly  con¬ 
trolled  and  operated  and  that  the  screening  sMchlaa  be  redesigned  to  pro¬ 
vide  an  all  waldad  seawleas  unit  to  allwlnate  pinch  pol.its  a.«d  laaeeessl- 
ble  cracks  where  dust  ailght  seeiaMilate. 


do 
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Although  plans  wars  alraady  undanmy  to  preoldo  aan  glazlog-snd- 
scraanlng  faellltlas,  thasa  would  not  ha  aaallablo  until  Oacanher  1959. 
Tharafora,  a  planning  group  waa  foxMd  to  daaalop  tho  crttorta  for  as* 
eabllahing  an  intarln  glaaing>awl-acreaalng  £aell..qr  iu  pr<«vi4o  flMximni 
oparator  procaetlon.  Tha  erltarion  aatabltahad  for  tK  non  iaatallaeion 
waa  that  all  oparatlona  involving  tha  flow  or  ■ovanane  of  canting  powdar, 
othar  than  tranafarring  item  ona  oparatlon  tlda  to  nnottar  In  eloaad  eon- 
talnaro,  ba  parfomad  by  ranota  control. 

Building  708,  which  waa  choaan  for  tha  naw  inatallatloi^  la  located 
in  tha  nnltibasa  plant,  and  waa  fomarly  aaod'Tor  acroaalng  eordlta-gun  pro- 
pallant  (tigure  A).  Tha  two-story  building  is  caaotnetad  of  concrata 
blocks  with  a  alag-covarad  built-up  roof.  Tha  floors  am  ralnforcad 
concrata  with  spark-proof  finish.  Tha  first  floor  has  a  sorvlca  antraaca 
at  tha  front,  szd  tha  sacond  floor  la  sorvod  by  an  alovator.  Tha  roar  of 
tha  building  is  sdjacant  to  a  railroad,  which  also  aorvoo  tha  soeond-fleor 
laval.  This  building  and  tha  aquipwant  lastallod  ^mia  wars  ■odlflsd  to 
pamit  tha  following  oparatioas  to  ba  controllad  tanotaly  fros  a  saw,  roin- 
forcad-eoncrata  control  bousa,  which  was  aractad  spproxla«taly  170  foot  away. 

1.  Charging  of  casting  powdar  to  tha  glaoo  baml  fnm  a  lOOO-poond- 
ci^aclty  portable  hopper. 

2.  Operation  of  tha  glass  barrel. 

3.  Discharge  rf  ths  glass  barrel  into  a  IDOO-pewnd-ciyacity  portable 
hopper. 

4.  Paading  of  1000-pouad  Incramats  of  coating  powder  to  a  now, 
locally  fabricated  seraoning  nachiao  of  all  welded,  saamloss 
aluwinuw  construction. 
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5.  Operation  of  the  acraanlng  aachlna  and  aoBiCartng  via  cloaad 
circuit  talaviaion. 

6.  Collaction  of  1000*pouad  loeraaanta  of  acraanait  cawtisg  pawdar 
into  aaven  Hark  24  powder  boxes  or  a  10Sb~famm£~cspaet^  porta- 
bla  hoppar. 

Tha  following  is  a  dascription  of  the  oparatloas  cnenatip  coadobted  in 
this  building. 

After  drying,  casting  powder  is  charged  i&ta  a  lOuO-pound-eapacity 
portable  hoppar.  Tha  hopper  is  of  waldad  alMBiana  esaatraetioa  and  is 
supported  on  a  welded,  aagnesiua-basa  assaably  with  four  eaaduetive  tired 
wheals,  nia  bottca  of  tha  hoppar  is  fitted  with  a  hinged  mbbar-^keted 
closura  which  opvtns  upon  withdrawal  of  a  rataiaiag  pin  and  paxaits  bottoa 
discharga  of  the  hoppar  contents. 

Tha  hoppars  era  transported  to  the  second  lawsl  of  die  glasiag  and 
screening  building  by  rail,  end  ere  then  pushed  fato  the  building.  The 
hopper  is  lifted  froa  the  base  with  an  ovarhead,  air-epareted  hoist  and 
positioned  over  the  barrel  (figure  5).  An  alaalaea  faaaal  is  pesitlonad 
between  tha  bottoa  of  tha  hoppar  sad  tha  charging  pert  of  tha  glaze  barral. 
A  linkage  which  is  fastened  on  one  and  to  a  solsaeld-valva-aetaatad  air 
cylindar  is  connaetad  to  tha  hopper  closura-ralaaae  nechaaisa.  The  oper¬ 
ators  then  retire  to  tha  coatxol  house,  tha  solaasid  valve  is  anargised, 
and  tha  powder  flows  froa  tha  hoppar  into  the  glaio  barral.  Tha  hopper 
and  funnal  are  aaanally  raasved,  graphite  Is  ehsrgad  w  tha  barrel,  and 
tha  glazing  cycle  is  started  froa  the  control  hswsa.  Tha  operation  of 
tha  barral  is  viewed  froa  the  control  house  through  a  picture  window  in 
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lln*  with  tfa«  barrel  -  Figure  4.  After  a  threa-lwr  glexa  cjrele,  the 
barrel  la  atoppad  with  the  dlacharga  port  la  the  19  poaitloB.  The  dla- 
charga  port  la  opened  by  eanually  reeoving  a  nMar-gaaketa^  eleswra. 

The  barrel  la  reaocely  rotated  until  the  dlachac^  part  Is  i«  tte  diNm 
poaltloB.  A  large  alialaua  funnel  peraaneatlF  aifpcstMt  wdar  the  barrel 
and  antandlag  through  a  ImIo  In  the  floor  dlraeta  tim  eantfaig  paadar  Into 
a  1000-pound  portable  hopper  on  the  flrat  floor  la«al  (Fltnc*  6).  The 
hopper  la  tahen  to  the  aeeond  floor  via  elavatar  nd  Ls  poaltloned  over 
a  chute  extending  through  the  floor  and  attached  to  the  acreaniag-aaehlna 
feed  hopper  (Figure  7).  The  ralaaaa  ■achanlaiB  of  the  lOOO-pooad  hopper 
la  linked  to  an  air  cylinder,  and  the  oparatom  ratlxa  to  the  control 
houaa.  The  acreaalng  nachlna  la  atartad,  the  aalanoid  eontrolliag  the 
air  cylinder  la  anarglxad,  and  tha  caatlng  ponder  flowa  into  tha  aeraan 
feed  hopper.  The  caatlng-pondar  flow  rata  la  cantrollad  hF  orifice 
located  on  tha  dlacharga  port  of  tha  lOOO-ponnd  happor. 

Slewed  caatlng  powder  flowa  fron  tha  ecraaning  nachlna  through  a 
dlacharga  chute  extending  frew  tha  tall  and  of  tha  aMchlna.  Figure  S 
ahowa  the  arraagenant  for  collecting  tha  powder  la  Mark  24  bexaa.  Frlor 
to  atartlng  tha  nachlna,  eight  powder  boxaa  are  plrcad  la  a  tra''  irtilch 
can  be  nowed  along  a  roller  conwayor  track  loeatad  baaaadi  the  prodnet- 
dlacbarga  chute  of  tha  acreaalng  nachlna.  An  ai|Jtt-aaetion  anltlpla 
hopper  la  placed  on  the  boxaa.  After  atartlng  tha  acraaning  oparntlon, 
which  la  nonltorad  by  cloaad-elreult  talawlalaa,  tha  operator  poaltlona 
each  auccaaalva  box  under  tha  dlacharga  ehata  by  naana  of  a  hand  winch 
in  tha  control  roon  which  la  conaaetad  by  cable  to  tha  conveyor  tray. 
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Pljurit  9  is  SB  interior  view  of  the  control  house.  A  aieroswltcb  locsted 
at  tha  bottoa  of  tha  screanisg  sachisa  actuatas  a  pilot  llf^t  ta  the  con- 
trcl  rooBi  which  i&forfia  the  operator  each  ban  has  baan  properly  po¬ 
sitioned.  Tha  operator  knows  the  apprcxiaate  tiaa  rafulrtid  to  fill  each 
box  and  can  therefore  reposition  the  boxes  as  toqulrad.  After  eoopletion 
of  tbs  screening  operation,  idiich  can  be  detarainsd  by  wlawlBg  the  screen 
discharge  chute,  Che  scraening  ■achine  ia  stopped.  The  operators  then 
return  to  Che  building,  inatell  Che  box  covers  sad  raaovc  tiie  boxes  fron 
Che  conveyor.  Each  box  ia  than  weighed,  narked,  aad  loaded  on  a  truck 
for  shipnsnt  to  storage. 

This  facility,  which  required  approxtnately  1%  noodie  to  ccnplete 
has  now  been  operated  continuoualy  for  approxiastely  3%  auntbs.  Although 
the  aforanencioned  deflegracioa  probably  resultad  frcs  the  operatioa  cf  a 
defective  screening  aechine,  the  introduction  of  ranote  coatrol  for  all 
of  Che  related  i.psrations  has  elininatad  the  exposure  of  persoaiuil  m>  ■ 
potentially  harsrdous  source. 
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Mr.  ?.  M,  BUboff  ,  CtvlliMi  Chl0f ,  lataUtgimeg,  Secnrlty  t  3*f«ty 
Office,  OCO;  Wlli  tbcM  Aaluga  put  wttw  Into  a»ch  eont<51a«rt 

!*r.  sjjance!  V«  have  coaplete  eovexe^a  for  the  Murk  2k  hoaoea  aa 
they  ure  being  filled  and  aftaniarda  nixtll  thagr  are  reBDved  fraa 
the  conveyer. 

Mr.  Jeieki  Z  have  aoveral  ^laaationn.  If  yee  ere  loaf*l2a  one  box  at  a 
tlaa,  alnce  yon  have  one  eheta,  vby  do  yoa  bring  in  6  boaea  and  load  all 
6  one  rl^  after  the  othart  The  other  qpagtiaa  la:  Baa  do  yon  eoctrol 
duat  in  tbia  partleolar  buildingT  tbm  third  faaatioaa  la:  Ooea  the 
picture  vladov  act  aa  a  vent  or  weak  wU.  la  thlc  partlenlar  balldlngt 

Mr.  BaJlycet  Vo  aaawer  yoor  firat  q>iaatloB,  I  feel  T  InaiKtfaately’ 
daacribed  the  operation.  Actnaily,  TJXO  panai  lMi.rer  «iTta  are  charged 
to  the  aeraenlng  Faehlna  ai:d  the  flow  la  eoatlaiiot:«>  Soa  dlaeharge  la 
contlnoona  and  tlu.  collection  Into  each  Mk  2k  box  la  contunona  :aEtll 
all  of  the  entire  1000  poimd  laoraueiit  haa  bean  collacted.  Of  otairae, 
thia  la  aecoivllahed  by  thla  8  aaetion  mltlple  taepper  ehleh  la  flared  at 
the  top  to  a  degree  ho  pexalt  dlaeharge  freu  the  chute  Into  the  boppei.*. 

In  other  worda,  aay  2  boxea.  Ifte  box  la  re-poaltloaed.  9ters  is  a 
aplitter  ao  to  9«ak  which,  at  aoaa  point  la  ra^aitleaing,  spOlta  tha 
dlaeharge  frss  the  <Uacharge  cfanta  of  the  aeseaulag  aaehina  and  peraita 
It  tn  flow  Into  tho  oaxt  box.  But,  tha  hopper  la  large  enoojfh,  end 
thle  aplitter  la  Ixnr  enoagh  to  parmt  this  cperatloR  -flthont  aplUiag 
of  caatlng  powder  on  the  floor.  Another  prorlelwit  to  take  ^lare  of  any 
aplUaga  that  adght  occur  la  the  large  pea  in  vihieh  the  boxaa  teat* 

Itaa  picture  window  would  provlda  a  very  good  vwntlng  aowrea.  Actually 
thoutdif  the  raar  of  tha  giaxa  barral  la  painted  with  two  atrips,  ana  which 
i«  bright  yellow  and  ona  which  la  bright  rad,  which  paxBlta  tha  operator 
to  stop  the  glasa  barrel  at  tha  proper  positloD  ao  be  can  go  in  sad 
Manually  open  the  dlochare^  port*  Vtien  tb*  other  brl^dit  strip  peralts 
hie  to  rotate  the  barrel  16d  dagreea  thereby  pendtting  discharge  of 
tha  barrel.  Ton  have  anothar  ipxBatlon  which  baa  allppad  ay  atlnd. 

Mr*  Jaaak;  Sow  do  you  oontrol  daatt 

Mr,  SikLlanea:  We  have  a  very  tight  aeraenlng  aachine  and  aost  of  the 
daat  tkat  la  la  tha  caatlng  powder  la  taken  off  at  tha  haad  end  of  tha 
alave*  We  have  a  aingla  fraue  alavw  in  thla  anit  wbleh  la  divided,  tha 
v^er  portion  has  li^naxlaataly  .028  of  aa  inch  dlnanaianally, 

aad  the  lover  aectloa  approadantely  <062*  All  of  the  dnst  though^ 
la  general,  la  raaoved  at  tha  bead  end  of  the  aezeea  aad  by  baffling  In- 
taznal  baffling  of  tha  acreenlng  aaohiaa,  thla  aatarlal  aattlaa  on 
oat  and  aottnUy  tha  finaa  ttet  do  eoaa  out  eznata  very  little  dnat* 

Of  eooraa,  the  balldlng  la  thezoagbly  waahad  doaa  at  laaat  cnee  a  week* 
Bat,  we  have  not  found  daat  to  bo  aaythlng  Ilka  tha  problan  that  ve  did 
experlance  in  the  voodaa  box  •  acreanlng  booc* 
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Mr»  ScJbawfT;  Th«  M(  2k  pevAsr  boxM  th«t  are  OMd,  ar«  th«x  cayi;>«r  lined? 
aaTUncet  Tee,  they  ei«. 

Mr.  acheefer;  And  thie  ie  e  perchloie*::  ‘‘eeting  vcxiai.'  you  ere  taUdag 
eSwff? 

Mr.  aeUecoa:  Tee. 


xe  there  eny  ooseem  eboet  thleT 

M-.  Belleace:  He  are  net  rmrr  hssgpgr  sheet  thle,  hot  It  eeaae  *-o  he  Just 
ehoot  the  only  t*«-in<r  thet  ie  la  txistaiee  today.  Am  jaa  prohehly  kaov, 

X  tb<nit  Bedfoord  bee  done  quite  e  hit  at  work  oe  desi^  at  e  asm  powder 
W.  I  thie  ie  e  Oerq^det  eentelner.  I  dm't  >jmw  ifcatber  the 

testa  on  the  — here  bo«i  i!iowpl*tei1.  or-  bs%,  hot  ^ie^6  bow,  we  are 
sowevhet  Halted  to  the  Sc  2k  powder  box  ead  there  era  reletirsly 

of  tbew  arellahle  and  thie  is  dMt  we  nee.  At  one  tlae,  we 
the  oestlac  powder,  that  ddoh  oonteiasd  awsealae  perehlorete, 
in  polyethyle&«  hecs.  2$  powad  iaeri— te  and  plaoed  tbaee  la  the 
hoaee,  hot  alaea  thaa  we  hare  diaooatiaaed  the  praetiee,  tai  hae>  I  think 
hrooght  oet  prior  to  this  dlseasalon,  I  think  the  real  preblew  that 
you  here  with  aialwe  perehlorete  is  st  elereted  taaterstanee. 

Mr.  aachford:  Do  yew  wei«h  those  powdsr  hoaesr 

Up,  w.n«neet  I  left  that  set.  He  do,  efter  all  of  the  eastlac  powder 
liae  Wen  oelLeeted  in  the  haxBS,  the  operators  retera  te  the  haildinc  ead 
each  box  is  walahad  and  taoped.  Zbere  is  i>cwe  dlffaroaoe  la  wel«ht  aad 
Tty  this  is  well  below  J  poeads.  kbyte  3  peeads  or  so. 

Mr.  This  is  probably  net  so  iiv*>rtaat  st  this  stage  boeaase 

you  here  to  blend  it  anyway.  Is  that  ri4(ht7 


Mr.  Ballaaee;  Biet  is  oorrset. 

Ifc-.  Heehford:  The  other  thing  wae:  Do  yea  berrs  "ID  heads  or  sows  siailsr 
deriee  inside  thet  lareen  booct 


1^.  w»niste;  Tes,  if  yaw  woald  like  te  sea  Hill  yoe  projaet 

aiide  h  again?  I  think  X  sea  Aev  yow  tljose.  aexe  ia  ana  whloh  pretacta 
the  frost  ead  at  the  eereaaiag  wenhlee  ead  thie  ia  tha  ethar,  aad  we 
hare  aaother  beok  here.  I  dew't  bellere  I  eaa  piek  it  owt.  He  aleo 
hare  aaether,  by  tha  way,  «rer  the  1000  poead  pertahle  hepper  wUdh 
is  used  to  eelleet  the  gleied  oastiag  powder.  Ia  feet,  eadh  operotioa 
la  eorered  by  HAD  dsriesa  aad  ertensirs  delage  preteotloiEu 

Mr.  aieleB^  I  w  still  ooneerosd  sheet  delage  heads.  If  yoe  r»- 
p»eiti«a  TlTeee  teblee  do  yos  hare  additlsaal  di>'«ae  heads  that  arc  aot 
ahowa  la  the  pieteraT 
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Mr.  Efcl  ?  ' 


S:er9  are  boxes  t-hst  are  not  eonred. 


Oft'italn  jatiirtw.  it  is  on  the  tail. 

Ifr.  Wtllance;  Actnalljr  thara  la  no  point  alaas  this  train  In  ahisb 
t<ia  box  la  not  covered.  X  vonld  Ilka  Tex7  aaeft  to  anew  joa,  tba  building, 
but  it  la  on  taa  tour,  rmry  affaet'.ve  wieli  coBtlnaaa,  bgr  tba  Mgr, 
on  Mdagr  and  tba  building  la  balng  daeontaaiaEl^,  I  think  poseibZgr 
It  Bight  ba  arallabla  for  Inapaetloa. 

Ihr«  Biabofft  I  have  aaothar  fna..tlca« 


Ifr.  Ballanrat  I  think  I  aaa  vhat  pou're  igtaatloB  la*  BHa  box  train, 
bgr  tiia  M^Twraa  dom  In  thia  dlraetlon*  Bt  titia  dlxaetiaa,  v*  him 
our  ooUactlon  hopper  for  our  glaiad.  eaatliNr  paato.  3e  wa  have  daluge 
baaii.a  that  contlnoa  on  down  tha  building*  iletatUgr,  tirsjk  thla  point, 
wa  bate  another  33  feat  or  ao 


Mr.  Biahoffi  I  aotlea  pan  hare  alaetx.'.bai.  taallBg  on  thia  aat  of 
eqplpaiantT'^  on  tha  prueloua  allda,  X  jot  lead  ao  olaetrloal  vixa 
coxmoerting  tba  apout  froa  tha  auaatl^  sarral  to  tha  ooHtelnar  that  la 
abort  tha  aeraan. 


Ifr*  aUlMM;  la  thia  tha  diaehargt  of  tha  glatad  oaatlng  poudar  into 
tba  fixed  hopper  UDdaxuaath,  or  la  thia  tha  diaeharsa  of  tba  oaatlng 
powder  through  the  hopper  and  out  tha  ehuta  luaahlng  the  1000  pound, 
portable  faoppart 


Ihr*  Into  tb"  1000 


portable 


',  I  hallava  It  me. 


ttr,  can  vi  hara  tba  piunrloua  slide:  1  a^r  that  thia 

aaa  a^up  scnjn^?,/  to  take  pistures,  I  ssas  jgiretleBa  uese  not  balng 
oontaetel  v*-  tllr  .Im,  ao  it  la  qtlta  poaalbla  that,  and  I  aaa  that  uu 
do  not  hare  a  grounding  vlro.  (kouadiag  elipa  are  antanalTalgr  uaod  In 
tha  building  and  vtaarawer  poaaibla,  th^r  ora  puanMatlT’  affixed* 


He.  P.  I. 


Jk*,  Veehnioal  Adrlaor,  U*  8* 


Mtaalla 


Mi:nr?rn 


>r.  BallanM;  Tea,  dnflalt^Lgr*  I  **7  *•  do  i 
tbla  opuretiona,  and  vheravur  posaibla,  thaj  j 
But,  aa  I  ear,  thia  uaa  aat  up  prlaarllj  to  t 
qgparanUgr  fox^ottan  at  tha  tlm* 


grtaadllng  ellpa  in 
panMnaatly  affixed* 
ptetntua  aad  thia  uai 


^*  *«ak;  I  hare  anothar  quaetlon.  Osea  that  flor  of 
bwr  do  you  atop  ItT  Mhat  -^rpa  of  vulraa  do  poa  have  on 
stop  tha  flow  of  poodert 


r  baa  started, 
ehata  to 


Mr.  Ballaaca;  Tnm  tba  faopp^  aborat 


UNCUSSIFIEO 


Hr.  Jmtmk:  tbmt  1>  rigtA* 

Itr,  Bfcllaacy;  Wa  Aa  oot.  ffa  bvr«  a  portabla  hopper  vhieh  vlU  oonUln 
airtire  IXXX)  poemd  lac  r— ant.. 

Mr.  Bov  aberat  tout  6  bcocaa,  h^i::  ^  jam  control  that  coca  It  la 

atSurESSF" 

Nr.  lallanca:  Ha  don't,  va  aetnaUj-  let  tha  opan^iao  eaatlsm  nctU. 
ail  ot  tho^powter  la  eoUaetod.  I  think  najrta  I  niaiad  p«u  I  aaid  Jnat 
net  contlncoualr,  hot  Z  aaaociataA  tha  vot'd  vitli  ICOO  psad  Incrvanta. 

In  othar  worda,  1300  poonda  of  oaatiac  povdar  ia  eontlcanaaly  acraanad 
antU,  that  ia,  fren  tba  atart  to  the  and  avd  va  hanra  an  aoctra  box  in 
the  box  train  to  taka  cam  of,  aay  omr  filling  ana  b^,  and  poaaibljr 
piling  tv  Into  the  hoppar  itaa?f .  So,  m  brm  no  dlftlenlty  tbam. 

Mr.  Boefaford;  I  night  olaar  Np  oaa  atatanont  on  thia  amitdjt  cen- 
talnar,  tSE^  la  tba  altnlitaB  cootatnar  Taxsaa  tbla  eoppai  llnar  poa 
ham  bam.  Ifaa  work  vaa  eaqplatad  on  that,  la  fact,  tha  propallaat  vaa 
loadad  and  ahippad  amood  tha  oootxy  to  mrioaa  exOnanua  1nata17ati<ma 
and  tha  oonta^jwm  amlnatad.  Xba  oaljr  raaaon  tbagr  a^  in  aarrlea 
la  thar  coat  nooay,  end  aotnalljr,  Barcalaa  la  aolng  thooa  eontalaara 
In  thair  eoMarolal  plant  for  traaofar  of  high  aaargp  baaa  gtaln  fron 
blanding  to  packaglcg.  Bnt,  I  think  it  will  ba  oona  paam  bafom  thaor 
got  into  tha  erdnanoa  olxealt. 

Nr.  Btllanea;  HbaaV  poa. 

Nr.  ^a^Tlaea  W.  Nnetoa,  arfaty  inglTaiar,  Salld  BDcaitt  rropall«at  riant, 
AarojotMlaasral  Coriwiatlon;  *tao  gnaatlona.  I  aaar  in  ona  ei^  tha 
pictnma  TTiuid  linoLt  on  a  \nrildlng  of  a  1000  poauda,  Z  ballsre. 

Mr.  laOlanr^;  Ibat  la  eo;iTaot. 

Nr.  Bnxl.oB;  loa  alao  aantlonad  the  tpn  txoek  and  tha  place  for  a  box 
ear  tv  next  to  It.  kSvat  woald  ba  la  this  box  oorT  Ihla  la  agr  flxat 
fnaatlon. 

Ifr.  BklTamtet  Ha  bam  prerlaii;:;*  *k  thla  building  to  aliter  bring  tha 
S^SpenSrSoppar  bp  track  or  bp  mil.  ■othlng  ia  la  tha  baa  ear. 

Nr.  Bactoni  0.  K.  Saeaodlp,  ahat  prorislsas  pan  provlda  for  eontralllng 
padaairian  or  mhlemlor  traffic  oc  that  read  that  pan  ahoaod  va  tharat 

Nr.  BaUa&w  ttaot  la  anothar  point  I  failad  to  ■sntluu.  Cola  road  hoa 
i>aon  eloaad,  at  tha  antrsoeo  an  eaa  and  and  for  ooMldarahlo 
on  tba  other  and  and  la  open  anlp  ta  aanvanap  tppa  vahlolaa*  Iba  rss- 
aota  for  thla  la,  va  ham  to  ham  aceooa  along  that  rood  to  prorlda 
adaqnota  fim  protaotlm  for  oona  of  tho  ether  opaxating  bnlldiaga,  no  tha 
road  la  namr  noad  axe««pt  la  an  marf  up.  Ip  naarpaarp  mhlolaa. 
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iir,  9axtoa:  I  ball«v«  that  onr  tame  ymtn^  iwife  down  ttact  road,  did 
tbcr  aott"  I  J»t  woodarad  vtagr  «a  did  not  get  into  tho  hvUding* 

LCSR  Baelrtoat  Too,  air.  Iba  haildlag  was  ttaib  dana  idiaB  «a  ana  oat 
tiiare. 

Idr.  dlbart  flaylord,  Frojaet  Bnglnaar  oa  Praiallrut  DrwSgMll^. 
Aoroiat-flaaaral  Oarporanlca;  I  iMwa’ww  gaaotloa  ooagMalat  taa  rianport 
fraa  yoig  raawta  cCTirol  Wlldiae.  Shat  pletaza  ic^av.  fO^  don't 
joa  «aa  a  parlaoopa  or  a  alrror  azmatwatf 

Mr.  ^'»'»«aea;  Ihla  ia  aa  iatarlJi  faeUltj.  Id  kaov  that  aa  can  do  aaeh 
hetiar.  Sathlak  that  m  ha«a  oar  paraBaaal  adagaatalx  frotactad  at  that 
point.  Ha  ara  aara  of  thia. 

1^.  daylordt  Ton  aaid  70a  vara  l50  aoaa  faat,  I  haliava,  aanj  frea 
tSTopazSiac  baildiac. 

Mr.  BaUaneat  Taa,  aad  tha  valla  ara  agproaiaataljr  1  foot  thick  ra« 
Infaroad  oonurata. 

Mr.  aarlfltdi  Hhat  aboat  yaar  vindavat 

Mr.  BaUamoat  AstmUj,  ia  aaa  eC  tha  lantdaBta  atetah  va  aaataiaed 
hoia,  tha'wLl  aaarljr  failad,  Mmaaa  tha  viaafort  ahioh  vat  dlraetlT' 
atraek  with  u  adaaila  did  not  fail. 

He*  :!«Tlord:  Taa,  bat  thora  ara  othar  Inpldaata. 

Mr.  aaHs  X  a^raa,  tha  Tioi^Bo^ta  ara  poor. 

itr.  qaarioTd;  Taa,  thajr  ara. 

Mr.  Ballaatait  Bat,  aa  X  aagr,  thia  ia  aa  intaaiin  aaaaara  aad  va  vara  ia 
a  gr^  -i  to  gti  tha  faeilitr  back  into  aporotiaa,  aad  va  ara  plaanliig 
to  atart  araotioa  aad  ecaatrvetioa  of  sav  faaUitiaa  ahortlx*  fhaaa, 
bgr  tha  007,  vUl  hova  oloaad-oircrait  taiarlaiaa  for  thoao  fb^litlaa. 

captaia  jaakiBat  Oaa  aora  qaaatloa.  Mr.  Btariagr. 

Mr.  Btvckay:  X  don't  voat  to  pot  ahoot  this  tiaa.  i  Jvat  vaat  to,  ia 
iaet,  X  tbonrfit  that  if  70a  cot  tho  vaiataMana  am  to  taka  oarv  of 
that  thing,  X  think  jva  voald  faara  anaatblng  Xt  doaa  point  oat  oaa 
thing.  I  voald  bo  vUliag  to  bat  that  tha  aaraaa  failad  baeasnaa  it  vas 
ia  bad  ahapa  aad  not  baoaasa  the  oparvtiaa  vaa  so  terxlfleallr  daagareos. 
I  Bsaa  I  voald  Jvat  bo  viUlng  to  naka  a  bat  oa  it  that  It  vas  anawthliig 
of  that  tpps.  Berarthalasa,  tha  thing  X  vast  to  bring  oat  la  that,  X 
think  vhaa  va  do  hero  an  Ineidaat  in  this  pleat.  In  aagr  of  these  plants, 
there  is  too  aaoh  panic  plaDalag.  Va  had  a  pwttj  bad  one  vp  vhexa 
X  vas,  aad  the  big  Job  vas  to  keep  tiaaa  froa  jail  lug  ia  ^  foot  thick 
vails  aad  staff  like  that.  Ba causa  if  poa  phb  in  staff  that  ia  hard  to 
olaaa  aad  hard  to  taka  eara  of,  aad  pot  ia  OBHeanaarp  and 
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?aa  2  or  3  tmuts  •tttr  thst  vithovk  any  troablA^  jm  at*  salng  to  bo 
igaorlo«  all  of  It  anl  half  toot  proftraa  lo  goiag  to  bo  Am  tho  drain* 
Oolj  I'n  ooTlnc  io,  otaon  thooo  IncldOBto  h^ppon,  I  bolioro  in 

taklncE  eaxo  of  tboo,  b«t  lot'o  don't  go  too  foot  and  too  far  with  thooo 
tblaga.  Bm  onlor  roooon  I  brao^zt  it  to  la  bocaooo  tboro  van  an  aaftil 
acti-os  tshsn  on  thin  ono  incldont  boro*  I  woald  alao  Uko  to  oocnd 
off  on  TloKportOt  bizt  I  iron't. 

Ogtaln  JOnfclno;  I  think  «a  an  a  Uttlo  prooaod  fov  tlao  boro.  Ha  eon 
acrk  this  ono  oror  a  bit.  If  jfsU.  aant  to  oontlnno  to  work  over  Mr. 
Ballanco,  toko  bln  opart  aftor  boors.  I  soold  Uko  to  gat  on  with  tho 
ooxt  ono.  ffaonk  XM  Tozy  aoidi,  Mr.  lallaaeo.  I  voal4  liko  to  ipnooioo 
■gain  that  ho  boo  tho  rloiq^ort  popor  bore  sa  tbo  platfOzn,  if  aacr 
of  xoa  iranld  nif  it.  If  thoro  aro  aajr  ottaor  qoootic:.Oy  sao  Nr.  Ballonco 
later.  Ir.  Aaotor,  ■OK.  Ifeito  Oak,  IMrXLaad,  hao  a  las«  onbjoet  bore, 
do  on,  Or.  Aootor. 

Dr.  K.  3.  Aortor.  Sop.  Owiot,  Ibraioal  Chaolotir  PlTiaion,  Mwal 
dbrAnapeo  LaborotOTin  Wo  IhaTo  to  salt  a  tmt  ooniMiifle  oiiilo  wo  got  tho 
oIISio^wi^r'iMln  no  soar  bov  as  had  to  got  aroaod  to  that  long,  long 
tltlo  which  isn't  a  title  at  all.  Soao  aooks  ago,  tho  Isjjratoiy 
roeolTod  an  inrltatloa  to  aond  a  roproaaotatiTO.  I  gaosa  aopbo  it  isn't 
Tory  flfattorlng,  bat  tho  my  tba  reproaontatlTe  got  picked  la  that  I  soa 
at  tho  borttoa  of  tho  hoop*  Om  book  got  yoaaad  as  far  as  no  and  I  had 
no  further  to  paaa  it.  1  aai  ofarianaljr  the  logioal  ■»  under  tbo  eirsiai* 
staasoa  to  go.  X  said  all  right*  I'll  bo  there.  About  a  «aok  lator, 
a  soerotory  called  eo  19  and  aald,  *Wa  barro  to  sand  in  a  list  of  tltloa, 
c  list  cf  ntthsr,  loat  ueslc  that  you  hare  boon  aro  deing* 

and  will  do. "  9a  l  mirtM  this  I’m!  VileA,  and  the  next  thlat  I  wm 
vaa  a  copy  of  tha  lettar  that  IN*  Auatar  would  attand  tha  uartiag  and 
vould  ba  piupared  to  dianuaa  the  foUoulag  sabjeets.  So  tha  txnga  that 
ate  llatad,  tbaro  ara  torn  of  tha  thiega  that  wa  have  dona,  saaa  that 
VO  aro  doii^,  and  uoot  that  wo  plan  to  do.  I  think  also*  baforo  X  bagia 
That  I  bavu  to  oay,  of  anuotTiIng  warthvbilo  rouanboriag*  Bwro  vus  a 
ruaark  uada  Itare  bofora,  X  forgot  tgr  iMon*  that  araryhody  kneva  hov 
oonaitiTo  nitroglyoorino  la.  X  had  tha  prlviloge  sf  iwotr^  mmm  «wk  done 
by  Cr.  HUmlag  of  SaPont  boro  a  uhilo  beak  and  X  think  that  any  of  us 
ufao  heru  pruooaeoiTwd  aotinaa  of  vhat  hivpoaa  vlth  ciploalTus*  should  alao 
soo  tboso  pletTuroa.  Dr.  Viiating  abova  tut/  baoukifally  hov,  uadar  eartain 
clroaaataaooa*  aitxoglyeariaa  vUL  not  pi’ningrt’a  n  detouatlaa.  lo# 
thoaa  of  yoc  uho  raise  ayabiuua  rust  aeoarod,  iq-  ^rabrowa  want  gp  Just  as 
far*  But*  it  uua  a  parfactly  xaaacaahla  aaqperiuant*  no  triaka.  Ba  Just 
took  a  little  bit  of  oera*  X  thiak*  to  gat  aaue  bubhlae  out  aad  uatoh 
out  for  rarofaetiaa  uarroo  in  hia  deionatlou*  aad  lev  aad  bahold,  be  put 
a  detonator,  X  thiak  it  uae  an  ulaaara  apoeial  or  ■»*  8  into  a  pot 
full  of  nitraglyocrlao  uad  all  ho  did  wan  to  stir  it  aruand  aad  aaka  it 
aad.  Sc  If  we  owir  gat  this,  Milla  aura  ara  talklag  about  this  thing, 

X  refer  you  to  Br.  MUaing.  Sl»  pietraws,  by  tho  way,  vhieh  are  wary 
good,  X  beliora  wart  pahllahod  la  oao  of  tha  raoost  otploalon  oyqfaala. 
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Is  tbKt  rl^,  Vr.  ahMfart  I  think  It  ms  ia  tha  coBbostlsa  mstlng  in 
Ito^Lsal  last  ymr  or  ths  ymr  bafort;  Also  to  prsfkao  rmwk,  I 
sbovld  ugr  that  thaoo  sro  tbs  rosslts  at  s  rosssreh.  pxogroa  that  neh 
eonelBSioas  thst  I  wmr  mach  rmsrks  ttast  Z  safes,  qsOr  to  ths 

finiahsd  prodcKt.  I  aa  not  eoncsmsd  srm  sormWIsr^ly  vlldi  ths  mim- 
faeturlng  procsssss  with  vhieh  I  thins  asst  at  job  ssstlssm  sss 
concsxBSil.  And  lastly,  bsfors  I  bogin,  I  ihatl^  iiiz  to  point  oat  that 
a  tmr  at  ths  rosarks  I  saks  ara  elaaslflsd.  Jfe  nr  soaBsats  ars 

onelaasifisd,  hossmr,  tbs  folLowing  claaaifisd  0(VI>T!nBZIL  iaforaatioa 
rslatlng  to  tbs  idsntity  of  a  propaliaat  aad  Its  aowt  foBKlatian, 

and  Sian  l  vlll  asks  saaa  rmsrks  psrtsinlnc  to  ths  dteaasloar  of _ 

the  FCCARZS  grain*  Bmss  are  tbs  only  Itsas  that  are  osnaldered  CUWIUUSZAL. 
FLsaas  rmaabsr  that*  0*E*,  sow  let's  tat  iato  abat  I  bars  to  say.  A 
couple  of  years  ago,  VOL  ms  ehargsd  by  the  a^setal  fcaiaeb*  OCflos, 

Bareaa  of  Ordnance,  with  stTi^flng  ths  mhasra  of  dot^rmbllity  and  of 
the  dsflagrstion  to  datoaation  tranaitloB  which  m  p«iriodically  oall 
m  —  if  I  «as  tbsas  tsras  yoa  will  knov  lAot  Z  asaa  -«  when  i*  s*  study¬ 
ing  tbaas  phsirsMns  in  solid  propslTaats*  As  a  iunBsafjisnra  of  this 
we  have  siaainsd  mtbods  for  assmring  ths  dstaaabillty  sad  we  have 
nsasm-ea  the  datonability  of  a  nabsr  of  aatazlals.  Z  tblak  Z  aliht 
eBvhsaiM  bare  thst  wbsa  Z  say  astooahiltty,  I  aaaa  tetcaability  as 
distingalabcd  froa  skpLosion*  Maeb  of  what  Z  say  bars  ia  a  siaianry  of 
isfoimtiaa  which  has  bssn  rsoorded  slaswhsre  in  aaeh  grsatsr  dstsil* 
fikoss  of  yoa  who  era  mtsrostsd,  yoa  will  find  that  m  haws  a  sawlisr  of 
lAVQHDS  fkm  the  lahorotosy,  KUrORD  xsports.  Ths  last  two  JCAUF  SPIA 
asstings,  aad  Z  also  bsliaws  ths  Inst  tm  sanrei, llanos  yansl  asstlngs 
bare  xsports  on  tbs  satsrl'^L  comrsd  hors  sat  also  ths  sanaltiwlty  ocm- 
f srsness  at  BCE.  Mbtsr.isi.  mui  pablishsd  tm  yssrs  ago  SBdsr  ths  lAVOSS 
titls,  aad  Boot  of  tbs  oatioa  is  already  in  thars.  Ball,  to  gat 
into  the  Beat  of  it,  aapmstessa  with  sxplsslwss  had  Isd  Best  psoglo  to 
rceogsias  thst  wbioh  is  trm  that  there  is  a  eaexslBtiier  Mt'  'mb  absafe 
ssasitiYity  tssting  aad  ligaot  aatsrials.  Tbis,  aafor-it.'Sttily,  is  not 
tras  for  propsUants*  Bos  let's  sss  if  m  ean't  str .  .  -«n, 

with  tbess  sliOSA*  tfs  Bight  Jest  bs  ahlo  to  gst  asks:^  .  7 

think  m  will*  Thors  ars  ns  photographs  bsrs,  Jest  line  ^.ags*  Zs 
this  Isgihlo  hsck  thors?  Ball,  Xsff's  Issm  tbs  lights  on*  Z  daa't  think 
tbsrs  ars  any* « .What  Z  haws  bars  is  an  agproadaBts  oxdsr  of  iigpaet 
soBSitiwltlss  for  SOBS  ofssm  snplosiwss  SBg  propsllarts.  Thoso  iipact 
sansitlYltlss  are  rm  on  a  standard  ftesaa  of  IB  aw  toot  by  oobo  statical 
fashion  ag  or  down,  back  or  aoaothing*  lb  the  Isft  nolissi  I  haws 
listed  SOBS  roimoa  sj^IosItos  ranging  fkmZHBaai  with  an  tsgsrrt  soasiti- 
Tity  of  11  to  esBtiaofcors,  threatfi  BZE  sat  totxyX  26  ta  50  OBgaaltioa 
B  ^  to  8S  down  to  TIT  with  an  Ijgoot  soasiti'fity  xoagiBg  fkm  19>  to  215 
esatiaotors*  Mtorlals  fisa  rWTM  dowa  thxsaift  toiryl  aa  h^ag  oartalnly 
not  high  onplosiTos,  bat  boostora  aad  ia  sobs  bssss,  prlBSxy  eosgsaads* 

Xa  tba  right  hand  liinliaai  Z  haws  listed  tha  lap^  maaltlTlIy  of  a 
iiigrber  cf  propellants*  Bow  anunlm  psxshlMsto  •  alsalam  powdar 
propsUsot  with  pstriaaerylsto  has  a  saasitiTity  of  11  esatiaotors, 
polysolfido  xidthoi’  pxopollaBt  ligoot  sonsitiTlty  15  esstimtsrs* 
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A  nltroflol  innpallut  fron  VOIS  •  l8  e«ctlMt«ni.  A  orniMfr  of  aaMSita 
parehlororte  -  powdor  vlth  polTUXottauo, 

or  poJLyoBtorBtTron*  olxtarsa  Ijvaoi  aoaoitiTivloo  nuaglng  trfm  16  to 
4l  eootlaetora,  flneUy  a  AovUxIo  boM  ^ropollut,  in  th*  com  I  thlak 
It  WM  ABH  raociiic  froa  2S  to  51.  lav  ttao  lotarootlas  thing  horo  or 
the  thing  we  like  to  preach;  la  that  all  thoM  piepalliatB  peThipa 
inninAing  th*  least  MisitiTe  dooble  base,  5^  eentlaators,  all  of  thasa 
propallaats  are  aore  eensltlre  than  aU.  tte  stiiouasd  iSHJtaxj  aiplaaires, 
and  If  we  had  osed  a  guide  for  salacting  the  propallssts,  that  we  ware 
going  to  do  farther  iBweatlgstions  Into,  we  woald  beaa  left  with 
none,  beeaase  all  of  these  things,  ea  I  eey,  are  aore  seasltlTe  than 
standard  allltary  ex^loslTea.  Hall,  let's  sea*  Ih  this  groap  hare, 
the  aMBcmitai  perehlorote  -  alaelniai  powdar«y>lyuretheae,  thsgr  were 
nmaing  total  solid  oontent  about  82  peroeat.  Ssae  of  thasa  were 
run  without  aliadmi  powder.  Just  aaBoalm  perchlorate  la  whid  ossa  we 
had  7S  or  39  cr  82  pereant  Meonitai  perehloimte.  Bar  I  altfit  point  out 
that  in  particular  well,  gsatralljr,  with  cae  «Gesptlca,  generally  those 
th^nge  were  ruB  in  ea  UDgroond  state.  Baeawer,  we  did  do  scve  woaA  to  see 
if  the  pfayeieal  state  had  any  affaot.  lav  ea  the  pelyrlnyltthoride 
ptopeUeat  which  is  ea  Areita  358  I  ballawa,  we  roa  lathe  sharlags. 

He  ran  a  iwseber  of  different  types  of  eei^les.  ZtdUe't  anka  any 
difference,  which  is  another  point  that  la  worthwhile  baari?«g  ia  eiad. 
the  state  of  the  se^la  doesn't  mm  to  influewre  the  invast  sansl- 
tiTlty  rery  aneh.  Hell,  we  daddad  that  la  order  to  aeeswri  detonahllity, 
we  had  to  go  right  ahead  and  wef  sai’e  detoaehllity,  but  Iqpaet  tests 
which  were,  of  oourse,  ewoh  ehesger  and  weeh  fuieker  would  not  aaswer 
her  needs.  So  we  aodifled  a  gqp  test  whidi  had  bosn  la  use  at  TKU  dhosa 
of  you  who  are  not  faulllar  with  this,  I  will  describe  it.  fie  bare  a 
senile  eonaistiag  first  of  all,  of  a  pair  of  tstzyl,  well,  at  the  bottou 
we  tee  an  eaglaier's  special  datoestor,  eore  raeently  a  salmlr  dstoaator 
frou  OUn.  I  don't  thlak  this  aakas  each  dlfferaaoe  because  either  one 
is  geoszally  successful  la  Initiating  ths  tetiyl  which  is  ooaslstlng  of 
a  pair  of  pellets  2  laohes  is  dldaetcr,  sadi  css  Irob  thick,  so  ws  hare 
a  cylinder  2  by  2,  totaliag  If  I  recall,  about  135  gnas  of  tatryl* 
fhsxa  ars  a  nasbar  of  calluToaa  aeotata  cards  hers.  Z  will  com  back 
to  tMs  la  a  al nates.  And  finally  ths  saagle  to  bs  aaeiaed  uhieb  ia 
conflsod  in  a  steal  tuba  of  w^iyroTiaately,  wall,  it's  a  ahnda  under  1 
and  ana-half  Inehas  la  dls^witsr  aad  .^bout  3/3  of  su  Inch  I  thlak,  wall 
thlckaeaa  at  ths  usper  end  at  tba  dwurge,  wo  hers  ^  slid  steal  plats, 

A  liMhaa  square,  3/3  of  aa  inch  thick,  ttc  asaaltlTity  of  aatorlal 
is  rsoordad  la  tana  of  cards  or  in  rhea  at  gap  ratamlng  to  the  oards 
hers  aad  with  a  aihPla  atatlatloal  fashiau  they  ere  reported  .w.  toxae  of 
laches  at  at  which  there  is  a  50  parcant  prabahility  of  acrtarial 
detonating.  Hov  detonation  la  datexainad  by  cnaiaetlea  of  I'wuBgs  dc.a 
to  the  steel  plate.  In  gmnal,  it  is  a  waxy  ali^la  natter  1  >  detaxsUxw 
idMfther  or  not  the  aa^ple  has  detonated,  tta  det  oast  ion  cut  a 
big  hale  tuu  eould  send  a  truck  through.  If  It  daea  act  datoewtta, 
tba  plate  is  ralatirely  wndaaagad.  Smts  ia  no  earioue  dasape  to  it, 
although  tharu  ars  azo^ioua  to  that.  9w  dleanatraa  of  this  test 
wars  so  chosen  that  first  of  all,  the  ineraaaa  of  the  Annor  of  the 
booster  is  tatryl.  Iherassa  ia  tba  aixa  would  not  Inerauaa  tha 
prbbahiUty  at  detonation.  In  other  words,  ws  are  glriag  this  tblag 


78 

CONFIDENTIAL 


CONFIDEKTIAl 


tb>  bl4[gMt  OMfnl  vallop  tbat  vs  cw  vltb  tUs  disaster.  9is  Isastb 
af  tbs  ebsrB*>  inetass  lose  !•  *o  afaossn  tbst  the  sastsinsd 

bf  tbs  piste  Is  dstsrslxMd  b*  tbs  rsesptor,  sad  is  sasdfsetsd  bx  tbs 
doBsr.  Tbsss  tests  here  bssa  ran  on  s  nrlstx  ot  ss^Tes  aadsr  s 
nosber  ot  dliTfsrsnt  ooaditioos.  Bssalts  sirs  swasrlsad  on  this  next 
slide.  Osa  Tsu  lift  that  19  Just  s  littls  bit,  plssasr  Ibr  those  of 
yen  who  esa't  see  it,  vhat  «s  havn  here  1:  e  seselttrltT’  in  tszns 
of  icebas  ss  s  fonetioa  of  tei^eretare,  flapesi  f.  ^Sis<*m  are  fsv 
testa,  ror  (XBC,  a  relatlifslj’  las  eaergp  I  pass,  dorrhTe-baea  profsliant, 
the  solid  aaterlal  »  tbs  solid  doss  detsoste  at  at^  r-s^ZmSsrs  ot 
shoot  10  dapvss  V.  sad  tbs  naxuasa  saaeltifltx  id^sb  does  laersase 
with  t  superstars  does  aot  sssai  to  get  ovsr  lAeat  .1$  IndNS.  I  ai«bt 
point  oot,  tap  the  va/,  tbat  Ooivoeitioa  B  nse  at  ahoat  I90  cards, 
tetryl  runs  op  aboet  272  sansitiTity.  Ibsi  sill  find  that  the  saasi- 
ti’/itx  iaeroases  roadhly  proportionatslx.  lUl  aow,  fa  aae  2  different 
binds  of  pores  bars,  ia  effort  to  find  oot  if  it  aa^;  aox  dixferance. 

"*  eaterlal  eoataiaiag  eoaaoeted  pores,  t]»  sax  *•  ^oide  these  ssi^les  sas 
jost  to  take  tbs  little  graealss  vhieh  the  paspls  doim  ha*^  at  Indtsa 
Hoad  rary  kindly  prepared  for  as.  Hs  poarad  than  tats  oaLss.  dad 
froa  aaterlal  oontalnlng  eosnsetsd  pores,  X  fsass  the  ivper  carve  is 
inrlslbls  bat  it  doesn’t  asks  any  differmee,  ii  is  the  ssna  as  this, 
the  scBsltlTlty  iaereessd  sonsehat  with  I  s^iisliiis  —  depandsaes 

npoa  te^aratars.  TrltonsLl  shioh  is  the  laaas  saasitiva  of  the  allltaxy 
axploalves  mas  sboat  110.  iov  this  is  oa  tts  solid  OGK.  We  start 
iatxedaeiag  porse  into  it,  ss  find  oot  that,  sail,  far  saaspls,  aahient 
tssparstiu's,  if  se  Istredaee  penes  to  the  sateat  thet  the  aaterlal  Is 
oaly  91  percent  of  the  aaaafactored  daasity,  as  haea  inomessd  the 
esaeltivity  to  a  peiet  ahara  yoo  are  abeot  10  sards.  If  yea  iaaraasa 
it  to  ahoat  $6.3  peroeot  of  the  asaufeetursd  daasity,  yea  aza  ap  to  a 
point  staere  yea  are  aors  saasitiva  than  ObawosltioB  B,  sad  at  sensslist 
aora  porosltyj  that  is,  lasrsasad  ss  vs  had  slth  the  salid  aaterlal.  Oh 
the  other  head,  these  people  hare  ebo  also  praps  reft  tor  aa  the  sshpXs 
ooataialas  noa-oonaseted  pores,  vhieh  is  a  synnir  libs  aaterlal,  ve 
found  a  rataer  annseal  affect.  Siat  la,  that  the  tahisiatsis  iapeadanes 
eas  tbs  inverse  of  vhat  has  hesa  aaqperlaasad  vlth  porosity. 

9m  aaterlal  bsoaos  very,  very  asesltive  at  lee  rshpsTatarsa  sal  as  you 
increase  the  tSBiperatnrs,  sraaltivlty  dreypai.  Xhs  diart  hare  is  a  littls 
alslsading,  of  eoorss,  bseaase  oertalaly  the  ia  daaaity  is  goiag 

to  have  sons  effect.  Basever,  it  la  very  iatciestlac  that  with  tbs 
aaterial  having  thla  high  a  daasity,  yea  eaa  still  gat  a  very,  vary 
saasitiva  sample.  Wall,  first  of  all,  for  aer  glTaa  ^rpa  of  aetarial,  as 
you  iaersaas  tbs  porosity,  ^  aaaaltlvtty  iasraaae#  isad  It  laorssase 
very  rsasrkebly.  We  have  had  sane  saaplss  sf  pisjiinsiit  ehidi  are 
noxeally  nan  dstsnahle  ia  the  solid  state  sad  la  a  peroaa  state  they 
will  he  as  sensitive  as  tetryl  to  shock*  8s  tbs  yolat  I  an  goiag  to 
asks  bars  is  that  froa  saanlss  floaitatalag  l^lwsaltt^d  pores,  the  tagpsratui’s 
dependence  is  Just  ahoat  tbs  satas  sort  sf  tUag  as  ve  get  for  the  solid 
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■Bt«ri«la.  A  tllght  t— iwimturt  dapaadcaea.  l(o4  aiefa  whanea  with 
tasftarvtora.  Howavar,  vtua  aa  daal  vtth  a  doabla-baaa  aaapla  «U.oh 
contains  non-connactad  poras;  l.a.,  a»ll  bablilas,  so  tbat  tba  pro- 
pallant  rasaablss  a  dansa  foaa,  ooa  atgbt  sagr,  tUs  aattarial  at  rarr 
lev  tci^raturae,  saaas  aTnaadIngly  brlttls.  Wa  bava  a  faaliaCf  4Plta 
cartalnj  nattar  of  fact,  that  this  inc*aasad  sansitlTlty  Is  dias  to 
tha  vary  xanairkabla  hrlttlssMsa  of  tha  rva>|»>s  tbaaa  azcaadlagl/ 
lov  ta^^aratnras.  Siat  ansaar  yoor  qaastiont  fills  p'axx.ealar  corre^ 

«a  bad  aayha  8  or  ID  or  15  points.  It  aes  a  larfo  inuhar  hara,  for  tha 


solid  ve  tt^atad  at  earo  at  at  75,  at  125  aad  15u  sad  X  think  aa 
tastad  aboot  k  or  5  saiylaB  bars.  Xha  data  fits  it  Jast  as  aall.  Ha 
also  tastad  tha  sansltlrlty  of  a  aaabar  of  eaaqpoilta  propallants.  fiM 
rasolts  Sara  rathar  intaraatinc.  damAmi,  If  sa  rafar  to  tha  Ijvaot 
tast,  hara  is  somthlng  sorth  haaiing  la  aiad,  that  all  of  tha  eoajaositas 
that  wa  tastad  sara  aoia  saaaitlTa  to  liv^et  t>!aa  all  of  tha  doahlo-hasa 
propeUaats  so  tastad.  Bora  sa  find  tha  rasarsa,  la  ths  sn  kast  sbleh 
I  Juat  daserlhad,  tha  fllsastar  is  19  to  oaa  aad  ons'^half  ladMS,  aaauiluB 
perdilarata  •  sImIw  posdsr  pmpanswt  woattalning  altbar  polyslayl 
ehlorlda,  polysolflda,  or  polyaatar  styx^ua  did  sot  datoaata.  Ha  tastad 
ona  sa^''a  ooatalalac  aaooalas  parehloxata,  pots  solas  parehlorata, 
alvlisai  posdar  aad  polyorathaaa,  as  a  aattar  of  fast,  «  sa*  oaa  of 
tha  aarly  oaadldatas  for  tha  KUSa  Nlasila.  Ha  tastad  this  slth  a 
saaeu  Inch  diaaatar,  it  did  not  dstoasta.  Ha  foaad  plaeas  of  propallant 
laft  aftar  aadi  of  thaaa  taats.  flasUy,  la  oaa  aa^^  tsaaty  iaahas  la 
dlaastar  (l  sill  haaa  a  littla  hit  aara  to  say  shoot  that  shortly),  oaa 
aaop'^a  tsaaty  laohas  la  dliaaatar  ihleh  sas,  thaaa  toots  sara  raa  oa  tha 
tss  ounast  oaadldatas  for  PaUXDS.  fiiasa  aatarlsls  did  aot  datoaata. 
fiwsa  lattar  chaar«as  sara  na  la  order  to  find  oat  if  tha  fall  slsa 
PddRIS  coald  ha  dataaatad,  aad  tsaaty  Ineh  dlasatar  la  sary  olosaly 
ralstad,  sbaa  oaa  aJloss  for  tha  staal  aonflaasaat  that  so  asad.  It  is 
Tszy  eloaaly  ralatad  to  tha  snh  dlaaatar,  sab  thlwtaasa  la  FGURXS.  I 
soald  Uks  to  say  a  fas  sords  aboat  this  last  oharas.  fhasa  sas  a 
qaastloa  ralaad  soas  claa  asa  ahaat  has  ass  ooa  tast  tha  fhll  sIm 
alsalla.  fids  is  hos  sa  daeldad  to  da  It.  Ha  did  aot  tost  tha  alsalla, 
sa  ralatad  oar  oharae  to  the  sab  thlotaasa  of  POUIIB.  tasts 

I  as  aboat  to  dcocrlba  sara  xaa  la  oaajaaotloa  sith  iaxojst  aad  MIB. 
lir.  Qaylord,  sho  Is  bars,  sas  aot  thara  slth  as.  He  bad  a  sa^plo  that 
sas  twasty  lachas  u  dlaastar  laeladtag  wia  half  iaoh  stool  tafalag 
rimflnaaaat.  It  sas  alghty  lachas  loog.  ihssa  dlasasloas  sara  ehosoa, 
the  aiidity  laoh  laagth  «u  chaaaa  tha  aaaa  as  for  oar  gap  tast  so  that 
tha  offaet  of  tha  boastar  soold  not  dstazalaa  the  daaM«s.  fiM  boostar 
Itealf  SM  a  eylladsr  shiok  «aa  tsaaty  iaehaa  la  dlssster  aad  forty 
lachas  looc.  lara  again  tte  orltarisa  sas  fiHt  say  la  the 

also  of  tbs  boastar  ssald  aot  raaeoaably  affaet  tha  probability  of 
datonatloa.  (H  aooh  of  tso  prapaTlanta  UOf  2839  AF  sad  AV  2855  Af, 
shi^  ora  still  the  POIdSZS  propaUaats,  sa  xaa  tasts  la  d^rlloata 
at  Blsaui  saraaty  flsa,  at  aabtaat,  aad  oaa  baadral  al^ity  daci  aaa  F. 
la  no  ossa  sas  thara  say  arldaawa  of  a  dataaatlaw  oeoarrlag.  Hasasar, 
va  usad  Ionisation  and  prasMra  aaasltlva  probas  tha  far  and  of  tha 
charge,  aej  froa  tha  baostor.  This  lafoiaatiaa  lndloat(»d  a  high 
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probablUtx  that  tha  prapallaat-  bad  ooBtrllMfcai  to  ttw  mibstiuie*  aback. 

Va  aada  aoaa  air  blast  BaasaroMBte  to  datazalas  tba  aaoant  of  iamg» 
ooB  ai^t  mq^aet  aftar  alIoirlas...iiaklas  coxzsaticu  fsf  tbm  dasaga  docs 
bjr  tha  booatar  va  eaaa  ap  vitb  a  ZSf  aq^aaileit  ^  a  aal^tt  of  ^  to 
XSS  parcoKt  dspoDdloc  oa  tha  tppa  of  iastraant  that  poa  aod^  aad  I 
think  parbapa  tba  in  ableb  jtm.  lataryratad.  tiw  data.  9ia  air 

blast  aaasoraaBats  aost  not  be  takes  tow  IjtataUr.  Sawarar,  it  is 
quits  obTloas  and  cartaliOj'  b7  axBBtalBg  tba  sL^r  ws  i^parast 
that  tba  pr^allast  was  e^atribatlng  to  tbs  Ssaigt  Vm*  waui  doas  ana 
sl^  csstrltaata  in  a1a1,lar  eireuKtances  alaaahirr  ^aapita  tha  fact 
tbara  la  no  datonatloa.  Wall,  idv  what  hanaas  to  eovasita  prapallsats 
wbaa  poB  hava  a  fore#  prassstt  ftoold  oonaaotad  porositj  sffart  tha 
stljaalatlTo  affort  of  a  dowbla-aaao  pmfaUwtt  C:s  soasttiwlt/  ia- 
craasas  reaarkably,  tbara  Is  aoaa  tawfatatwra  dapaadaaea,  this  is  the 
aaeond  order  of  datoastloB.  Bathar  saiprlsiai^.  hoauter,  in  aoa- 
oonnactad  poraa,  tha  aaivlas  ara  non  datonahli.  Wsm  yoa  raaaabar  with 
tba  douhla-baaa  propallaata  I  pointed  oat  that  aot  oaior  ware  tlMgr 
dstonabla  bet  tba  aanaltlrltj  insraosad  werr  rapldjjr  to  a  mx  hl«b  level 
at  lo*  taupe ratnraa.  tilth  the  ooeposlte  prapailaata  fwwtalwing  non* 
oonnaetad  poras,  va  have  aot  pet  bean  able  to  ietoeata  aagr  of  these 
■atariala  ocaln  la  tba  one  aad  ana -half  Inch  dianatw  diasaa  at  teaperatores 
down  to  aad  Inclodlm  el  was  two  buadi'ed  aad  oaientp  fOiur  dagraaa  F.  I 
think  that  is  appteatleabaly  liqiald  sltro^ui,  i&lsb  Is  raaUx  what  «a 
used.  X  think  pariuqpa  if  we  sot  to  lower  taiiarat'iiraa  thaaa  aa^^les 
would  baeona  dstonabla,  I  an  aot  aura.  So  we  eae  qpaastiaa  tha  xoaetioa 
rate  of  thaoe  aaterlals.  At  thaoe  low  twapaTutaraa  it  eagr  be  to  aloe 
that  daspite  onp  pfapaieal  brealmp  ea  fat,  tha  roastioa  will  not  proceod. 
Finalljr  on  tha  well  aot  flnelljr  pet,  but  oe  tha  antter  of  pto- 
pollants  with  hldb  awsrcp  bindars,  X  think  there  is  torn  rather  revealing 
Isfomatlon.  Hare  again  we  have  a  ohart  of  aaasitivltp'  gv  test  in 
term  of  taeparatura.  this  is  the  date  we  had  bafaie  for  OOK  doehle- 
base  propallaata.  Most  of  our  oeivoelta  pmfal lasts  were  nsn-datonahle, 
this  again  was  oa  a  onall  scale  test.  Ha  have  tested  a  pair  of  pro- 
peUanta  cental  alag  petrln  acrylate.  Ibla,  I  bolieva,  is  the  propellant 
kauvn  as  FBD,  Sils  is  the  ana  kaora  as  QS,  aad  don’t  aspbody  ask  aa 
vbst  tbs  fomulas  are,  I  forget,  there  napbe  aona  gantlanaa  hare  \d)o 
do  renandwr.  Motlee  nov  thraegh,  for  esaagla,  this  prapaUant  at 
oablent  tngperatere  abovt  aevaety  five  dagraea,  this  aatesial  has  a  gap 
aeasltlvity. .  .obvious  rd-*— ^  '  twaawhera..  bat  it  has  a  gap 
sensitivity  of  ahou’  %leh  Is  Joat  a  little  bit  lass  than 

what  wa  ears  gettl  s  eV-h  tto  ajtroMd.  propellaBS  at  tha 

sane  twgeieture  ^  ^  ^  li.VUa  bit  mar-  samitive  althoNdi  tha  tata  aren't 
here,  vs  have  tea  1  ViihS  dauhla-bas-^  -ipbrld  oert  of  tbl^  I  thlak  thqr 
are  being  node  her-  ■  X  l^aav  ABL  le  r  akiag  it.  CS  I  think  is  a 
fozmlation  current.  ''  eweBi.d>  i  jd  far  FOEdlXg.  9Us  has  a  soaaitivity 

of  japprcxientaly  In  'a’«  sxxit  fron  what  I  can  recall.  Nbrir  ia 

cootinting  on  theao  la  '  eeon  as  sse  saterlsls  axe  aade  availshle. 

I  would  Ilka  to  aster  a  -m,  that  If  aay  of  poe  who  have  aav 
propellaats  that  are  sore  than  Idle  ourloalty  aad  peu  can  faraiah  thm 
to  us  la  lots  of  a  fav  poaads  aach,  let  as  baor  aad  we  will  see  If  we 
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eau't  malat  mm  Mrana—nt*  to  do  mm  av  tootlag  oo  tbM  to  fill  la 
MM  of  tbo  gopo  la  oar  iofoxMtlon.  Msst  of  t)M  XMt  of  our  procrM 
Is  for  anrs  foadsMotcl  in  astiiro.  9w  lofoxMtlaa  I  h«?«  jvst  booa 
dlscosslog  OSS  COM  Isrgslr  out  of  sa  oiploxatorr  prosnoi.  Mbsa  vs 
first  sot  Into  th's  ws  dlda't  knew  ^tstbsar  tbo  propoUsobs  woald  or 
woold.  not  dotonsts,  dspsndlag  ^oa  vtaoa  to,  xoa  get  a  difforsat 

sst  of  snswsrs  sad  vs  Just  bsd  to  go  oak  sad  ti7  to  ttassu  Ihls 

Is  ths  vagr  m  got  oor..iio  I  sa  aot  t«s4f  foi^  this  OM  xst«  Ws  hare, 
taowsvsr,  nov  that  vs  taaro  s  fsa'  for  this  iaforastiJb.i,  a  foal  for  tte 
problsM,  ve  bsvo  boon  raaniag  Into  sms  faadssoatal  problsas  vhleh 
vs  vould  Uko  to  eblnk  viU,  sbaa  tho  pHigiOM  aro  oo^lotad,  poxalt 
us  to  predict  the  soasltlTlt/  of  pregoJ Teats.  Wutr  tho  toots  that  vs  Just 
ran  on  tvonty  Inch  dlsvctar  charges,  psa  eaa  hot  poor  bottM  dsUsr, 
tbap  vere  not  cheep.  I  thiah  lust  tho  troaspariatlcia  slsM  Tarlaging 
poople  back  sad  forth  fna  1K8>  to  lOn  sad  pssjli  fXM  Aoro jot  sad  so 
oo,  just  the  papervork  raa  lato  ogm  toa  or  flftooa  tbooasad  dollars, 
sad  I  forgot  hoe  aaeh  the  chargee  oost.  Al,  do  poa  rsMSfear  how  aaah  that 
opaivtloa  cost  ost  I  think  tho  whole  bMiaaoa,  I  thlak  abosit  $^,C00 
for  tho  chargsa,  or  sooarthiag.  SOU,  all  right,  at  sap  nto,  tho 
point  Is  It  is  a  big  twrthor  sad  If  scMbogp  ooa  sit  &3«b  with  som 
avail  chsrgM  sad  la  sa  sftonoaa  got  data,  olthor  bp  popor  or  hp  acM 
smU  tests,  get  tho  data  as  to  whether  a  largo  etargs  vUl  dsrteasto, 
obrlooslp  this  Is  golsg  to  bo  doolzohlo.  Hell,  this  is  tho  klad  at 
prograa  wo  aro  lavolvod  la,  whathor  vs  get  rsoolto  or  aot  I  dev't  kaov. 
Avnng  tbo  thlacw  w«  hoeo  boon  laraotlgstlag. .  .dovoleptag,  aad  devatlag 
qoito  a  bit  of  tlM  to.  Is  tho  phsMoonoa  ssooolstod  with  shook 
laitlstod  la  a  asfMg&^lcs-^otsMtloa  tzaasltlssu  Avnng  tbs  *^*'**g*  wo 
hors  4»b,  vs  taws  devslcpod  t«ehalp»o  for  ths  anytlvosas  oloetrlcol 
neaoarsvsnt  at  shock  velocltioe.  Ibot  at  this  woric  hso  bean  doM  la  tho 
past  with  coMiaa.  Osaoroo  aro  oaponolwo,  rwavlag  thirip  to  fortp 
tHooowid  dollars  oosh.  Beep  tool  to  bo  o  little  bit  fxogllo  aad  thsxo 
also  Is  tbu  dlaadvaatsgs  that  poa  osa't  wvtA  sa  opagae  ehsigs.  All 
solid  pvopollSBts  Z  kaov  are  so  far  opagys.  Bm  asthod  iavolvaa  tbo 
wire  porallal  to  tbs  axis  of  tbs  oopIeslTS  or  prepollsrit  or  iastrMsata> 
tlca,  which  la  raaoto,  aoaitors  tbs  posltina  at  tbs  loodsatloa  hhleh 
Is  associstod  with  tbs  shook  wave.  PrM  thoso  data  wo  can  calewlcto 
dotaaotlao  valoeltlM.  Tie  can  also  woo  tha  saos  tooha..^o4  to  atw^  tho 
baild-op  to  aad  tho  daoop  free  the  rtasla  datoaatloa  la  pcrtlewlor  tha 
boUd-wp  to  stablo  dotooatlon  wo  aopoct  to  get  scaw  vsxp  latorostlng 
lafoiwotloa  as  to  tbs  prooessos  which  prsosdo  tho  ootabllohasat  at  a 
dstcnatloa,  tho  roqalroasats  which  aro  aseoooozpr  Por  onapla;  wo  al- 
rsadp  faal  that  aae>dafOctlTO  prnpaT lasts,  svea  those  with  oaorgstie 
hlndors  vlU  np  sad  hara  t*.  detonatlag  la  ths  enafloMint  ana  oonrlsioaod) 
I.S.,  inpturs  strsagths  of  sbowt  1000>19)0  pal,  thwgfi  wo  don't  doolgi 
sap  large  seals  prodaotloe  on  this  haaia,  wo  oartalalp  fool  that  tbo 
datooatlon  la  vest  of  ths  propoUaats  bat  aai  all,  asst  at  ths  propeUsats 
which  vs  srs  r'OMldsnng  or  idtleb  are  balag  osMldarad  bow,  dstoaatlan 
is  Tsxp  walikalp  unlass  pea  hairs  scss  taxp  close  ceafisaMBts.  It  sosm 
alaost  cartaln  that  to  hare  a  dotcawtiaa,  mo  asst  bava  prosoat  varp 
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hl^  prcuccTM,  tbo  loxt  of  proamro  tbait  aamot  derklop,  -Siat  pieMalT' 
eaaaat  davalop  tqr  aalf -coBftn  — »*•  of  althar  tba  propalloBt  or  th* 
prupoUant  vithlB  a  thin  osM*  Also  «•  hop*  thaa*  afcadiaa 

vUl  pand.t  tha  fotanlaeioa  of  asthoda  for  pradietioa  of  aanaltiTltT' 
and  of  critical  aiaaatcr.  lov  thla  critical  iltfatar  la  th*  aoawthlnc 
that  Carl  BogrA  har*  aaid  1  vovld  talk  zbont,  a*  I  goaaa  I  hacra  to* 

I  hadn't  plamud  rm.  it*  althoiKdi  «•  *>*  caadaet*^  •  gtograa  of 
niaaaiTHne  critical  diamtar,  and  paxfeapa  of  earralating  thla  infoxB»<- 
tloa  vlth  othara.  Por  thoa*  of  jvn.  afao  not  h*  faadliar  alth  tLa 
laadoaga*  let  aa  daflna  t;ha  tare  "critical  dlaaatar'*  TOr  aagr  aatarlal.  * . 
It  la  probably  tma  that  for  any  aatarlal  and  cartainJy  for  aar  *x- 
ploalr*  or  a  propaUaat*  thara  aodata  aaaa  diaaetar  balonr  lAieh  tli* 
aatarlal  vlU  not  vater  aay  n1 1'niaart-aiwaa  profacat*  a  atabla  datoaatioa* 
AhoT*  thla  diaaetar  It  baaawa  procraaalvaly  aaalar  fur  a  datcoation 
to  propa^t*.  It  aaaa*  aoat  raaaaaaUa  that  thla  critical  diaaetar 
ehlch  la  th*  thiac*  of  cooraa,  «*  tare  trying  to  aaaeaca  in  30  or  20 
inch  diaaetar  oharcea  to  find  oat  if  that  diaaetar  aaa  tbora  or  balov 
the  erltloal  dlaaeter  —  aaaM  aoat  reaeonabla  that  this  critical 
diaaetar  la  galag  to  b*  relatad  in  aaaa  toy  of  th*  tharao  dyaaalaal  ar 
kinetic  factora  that  oae  can  aeaaura  in  a  laboratory  aeala*  for  aoc> 
ploaleaa*  on*  can  aeaaaf*  erltloal  dtaatara  vary  aaally.  aca  In 

tha  raasa  of  ftaaticoa  of  an  Inch  or  aa  Inah  at  th*  aoat*  farhap*  th* 
oorxalatlon  for  aaqplaslTaa  con  b*  aatrapolatod  to  pragpoUaBts*  Wa 
don't  knov*  Wa'ra  trying,  thla  bring*  aa  to  riwthor  atadr  that  aa  ax* 
eondaetlag.  Che  atady  of  th*  prupagptlea  rato*  of  aoa>raaetlTa  idoMka 
la  Ijoelto*  Bov  yoa  aoodar  «*«**  In  tha  "hlna  Uaaaa"  daao  beva 
to  do  altb  prqpoUaat  aanaltivity*  Wall*  thara  ar*  too  thing*,  flrat 
of  all*  Inolto  Blanliitaa  aary  nloaly  tha  propartlaa  of  a  propallaat  at 
lov  fB^aiaturaa.  At  least  as  far  aa  th*  plaatte  M,ndar  is  oanoaraad 
awtpt  that  tho  ahoek  propagation  in  laalt*  and  aboek  propagation  In  a 
propalbat*  any  laaraaa*  in  Aoek  Talaaltlaa  or  daoraaaa  In  th*  ratoii 
la  idiioh  aboek  daeay*  «*  f  aal  oan  b*  attrlbofead  to  th*  mmamxm  vlth  Khleh 
th*  prapallait  contrlbwfcaa  to  th*  dwek  rato*  Bda  la  tom  in  a  naniura 
of  tha  aanaltlTlty  and  parhapa  aaa  be  oarralatad  vlth  aritloal  dlanvtor. 
Ndt*  Intoraatlngly,  I  think*  at  laast  for  tha  noMat*  and  porlnpa  nera 
praetloal,  1*  th*  faet  that  tha  ladta  alrnilataa  rary  nloaly  aa  a 
aattor  of  faet,  la  inch  for  lash  IdfUnal  vlth  tha  oallalaoa  acatate 
eaxda  that  no  oa*  la  vor  giv  taot*  ao  that  If  v*  vatok  th*  btiharior  of 
tha  ahock  la  th*  laelt*  v*  vUl  knav  praeiaaly  bov  it  1*  bahnrlag  in 
th*  oard  giga*  Wa  hav*  tahM  lafotnabioa  of  this  aort*  I  voo't  bora 
yon  vlth  It*  and  v*  hsva  eoppled  thla  vlth  mmm  iafOmatlon  avmllahla 
fron  th*  Atonic  Thsrgy  Orwartaalon*  aar  ava  datonatlon  division  at  BOL 
and  fror.  aaaa  Mtiab  lafamation  aada  avaiXekls  by  th*  Wnlatry  af 
Sif^ply  oopralstlan  of  ahoek  and  paxtlel*  Talaaitlas  in  ladta  and  vlth 
tkla  Infajcnatlau*  ccefelnlng  vlth  oar  ova*  v*  hara  been  able  to  aatlaat* 
tha  praaaoxaa  iddeh  arc  ra^pdrad  to  Inltiat*  datoaotlan*  proasara*  In 
a  ahock  vam*  that  la*  that  ara  raqdxad  to  inltlct*  datonatlon  in  aa 
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sicpIc  slTa  or  a  pr(^llant.  Now  these  data  have  been  trcaalated  in  tarns 
of  our  gap  data  and  finally,  we  are  able  to  say  as  on  this  next  slide,  a 
given  propellant  or  explosive  t«s  a  Mitaltivity  of  such-and-anch  a  gapj 
therefore,  what  we  are  really  saying  is  that  tto  pressnra  which  Is 
required  in  a  shock  ware  to  initiate  detonation  has  Bach>«ad-suoh  a  nag- 
nituda.  These  data  are  prel  Ini  nary >  They  are  not  vary  prsciaa.  I'll 
give  you  an  order  of  nag^toda  of  prsclsiori  b«t  before  ws  go  Into  this, 
lot's  look  and  see  what  wo  have.  Look  at  Coagioe^tion  2  '^th  a  gap  of 
about  180  cards  or  1.8  or  1.9  inches.  Ws  fir^i  that  a  pressure  of  ipproxl- 
nately  20  kllobars  is  necessary  to  initiate  dstonatiru  This  figure  is 
probably  off.  It  Is  probably  closer  to  30  or  itO,  but  at  any  rate,  these 
are  order  of  nagnltudc  figures.  The  precision  can  be  estlnatad  by  the 
sise  of  the  bar  on  the  curve  at  the  point  where  you  read  the  ordinate  and 
you  notice  incidentally  if  you  get  up  to  propellants,  our  precision  in¬ 
creases.  There  is  a  good  reason  for  thij,  the  way.  Cciipoaitlon  B  is 
a  pretly  aansitlve  naterlal  and  notice  as  we  ailds  up  chis  curve,  the 
pressure  goes  up  rather  rapidly  until  we  get  tp  to,  let's  say,  ihs  nitro- 
aol  propellants  where  we  need  aoraething  of  the  order  cf  magnitude  of  50 
or  60  kllobars  of  preaaure  to  initiate  a  dataBstian.  That  nsana,  of 
course,  that  though  these  things  are  datonchla,  it  takes  a  great  big 
shock  to  induce  a  datonation.  Ve  are,  of  coarse,  going  to  continue  these 
studies.  Lastly,  in  the  prograas  under  Investigation,  wa  nave  been  In¬ 
vestigating  the  tharBO-aensltivlty  of  propellants.  We  are  looking  into 
thu  reXatiunahi  p  between  theno-chaadstry  and  the  cfaemieal  kinetics  in 
propellants  and  azploaives  and  trying  to  correlate  this  in  sose  way  with 
sensitivity.  I  an  not  sure  how  we  are  going  to  do  this,  but  there  must 
be  a  ooxrelatlon  of  aone  sort  and  we  hope  to  find  It.  We  use  a  rather 
well-known  sdiebatlc  self -heating  equation,  and  as  Paul  Boyd  pointed  out 
to  mm,  I  think  there  is  an  error  in  this  cube  -  the  heat  produced  per 
sole  -  It  should  be  per  gran  per  unit  tine.  I  don't  think  any  of  »■  vUl 
let  that  worry  us.  The  ezpexdnant  wblob  Is  parfonwd  (and,  by  the  way, 
tbsse  Mssuraaents  have  all  been  dons  at  the  Batlonsl  Bureau  of  Standards 
under  contract  to  NOL)  consists  of  s  rather  refined  nodifleatlon  of  the 
usual  tsst  we  hare  of  taking  a  hunk  of  stuff  and  dropping  it  into  a 
Wood's  bath.  Ve  take  a  piece  of  propellant  ol  -:flnite  dimensions  and 
-hat  we  have  Iteen  using  is  a  eylindsr  two  inchss  in  uisastsr  and  two 
inches  long,  Vfe  put  it  in  an  oven  with  taaiperataze  controls  Independent 
of  adiabatic.  Tba  way  we  do  this  is  to  put  s  tharmccoi^a  in  the  heart 
of  the  propellant  and  a  tbenioccuple  In  the  oven,  and  as  the  propellant  - 
which  deccssposes  ezothemally  -  heats  up,  the  even  is  mads  to  heat  up  to 
0  80  there  la  a  mini  sum  tamperature  dlffarence  betwaoa  tbs  two  aaa^lss. 

The  relation  we  get  ist 
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Q  ■  heat  pi-otiaced  per  aote  per  unit  tia* 

Z  ■  "collision  factor" 
c  heat  capacity 

E  “  energy  of  activation  of  tJhe  -it“rial 

A  plot  of  the  data,  thei-efore,  aa  the  log  ^  Terenti  the  reciprocal 

dt 

temperature  should  be  linear.  The  slope  should  have  a  value  of  . 

R 

The  Intercept  should  be  Q2  .  gen  we  have  soee  data  on  which  we  have 

c 

done  “zporisjento  of  this  sort,  (is  three  prepsllssts  -  AHH,  Arclte 

and  Aerojet  ANP  26  39  Af  we  tuve  plotted  the  log  dT  against  a  reclpro- 

J4. 

U  V 

cal  teaperature.  Encircling  other  temperatures  shown,  with  ths  ezesption 
of  the  Aerojet  propellant,  the  data,  at  the  more  elevated  temperatures, 
are  quite  linear.  Certainly,  5n  the  case  of  the  ASK,  they  say  linaar 
down  to  fairly  reasonaole  ten^ratures.  lou  aak  'dh&i  good  is  this?" 
Well,  I  think  on  the  next  curve  I  esn  show  you.  It  is  poasible  by  using 
intat^retations  r-d  eolations  of  the  heat  aquations  which  I  have  shown 
and  upon  certain  assuBqptlons  'idiieh  I  will  describe  in  a  scBsnt,  to  cal¬ 
culate  what  we  call  the  "critical  dlMeter  of  a  sphere*.  This  critical 
diameter  is  for  a  given  tei^ratare  of  that  diameter  of  a  sphere  which 
will  eaplode  at  infinite  time.  To  put  it  differently,  if  the  calcula¬ 
tions  are  correct  -  and  this  Is  a  big  *11*-  we  can  ssy  ■Don't  store  a 
sampls  of  this  propellant  above  this  size  at  this  tenpersture.  It  will 
erplode,*  The  assui^tions  ar-i,  first  of  all,  that  ths  data  are  good, 
considering  ths  usual  sssuaptions  of  szperlmsctal  error;  howerver,  I 
don't  think  we  have  to  worry  too  much  abont  ezperimental  error  in  these 
problems  alt.bough,  of  course,  it  is  real.  Then,  there  is  perhaps  s  far 
bigger  as5uig)tljn  -  in  particular,  with  Aerojet  prqpoUant  which  is 
a  varlsble  one  -  as  to  whether  tbs  data  apply  at  ths  low  temperatures. 
Apparently,  frem  the  data  on  the  Aerojet  propellant  and  perhaps  on 
others,  th^  do  not  ipply.  We  must  rsaembev,  however,  that  if  ths 
sample  is  allowed  to  heat,  it  will  heat  up  to  a  hl^  enough  tssper&ture 
sc  that  the  data  do  apply.  So,  these  results  shown  hare  are  cartainly 
on  approxhaation  -  not  a  good  approximation  but  worth  bvering  in  mind. 

To  ^ve  you  an  axample  of  the  sort  of  resu.lts  we  got,  AHH  at  100^, 

212  is  the  critical  radius  cf  IS  centlMterc.  Cven  if  this  is  in 
rror  by  several  faotore  of  Wo  ur  perhaps  an  order  of  magnitude,  we 
still  don't  rcccoKssod  st  rAi:^  AHH  at  212'^  in  big  sanplea.  Wa  hope  to 
be  able  Improve  upon  these  data.  We  .re  conMnuing  It  with  cei'taln 
explosives  to  see  in  what  way  we  can  oorrelata  this  iiuormaUon  vivh 
shook  sensitivity.  That  concludes  what  I  wasted  to  say  except  for  cne 
point.  Undoubtedly,  as  solid  propellant  beconss  more  energetic,  it 
win  behave  aore  and  ecre  like  explosives,  I  don't  think  that  there  is 
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<««  can  do  &:.cut  Uils.  Qc  tiia  other  haiid,  I  don't  thinJc  ve  ceed 
;  <*mc  aXiico  we  hiYo  been  xlth  explosives  for  a  ion«,  long  tiiae 

I  UiirJc  we  can  leam  to  live  w^th  propellants  if  we  rtnaeKber  to 
respect  ):belr  Haitations.  Tliere  ia  another  point  I  seant  to  Mention  at 
a.-vd  that  la,  In  uaiag  cur  jam  pack  teats  to  aeresn  asaiplss 
i-yf  ti'.s  final  work  going  on  in  a  labc^it'--’^,  it  is  fitting  to  remeebsr 
tf.at  tie  resuioe  indicate  an  order  of  aagrl.u<ae  the  haaard,  Heweer, 
bv  all  amtxi/i,  let's  not  reject  a  prospective  saqple  sn.'aijr  because  it  has 
a  high  Ijrpact  teat  because  if  we  followed  this  criteria  In  the  selection 
of  ti:«  prcpcllfnta  we  sow  hare,  trr  -.'cxilil  not  hsTa  ac7  propellants.  I 
mink  that  la  all  I  have  to  aay,  for  the  acwoent. 

uNCLASSiFIED  ccMfuamu  portion)  CONFIDENTIAL 

Captain  Janklnat  Thank  you  very  much.  Dr.  Jbwimr,  fo"  your  presentation. 

Hcai  many  would  like  to  ask  qn«stlons7  Sines  we  are  a 
little  orertlMe  now,  I  think  we  should  end  this  assslon  for  todsT'  and 
begin  with  ths  qnsstion  oerlod  ths  first  thing  tcMorraw  sontlng.  Also, 
p«rt.ape  soms  of  jMi*  would  like  to  qusstion  Dr.  iawtsr  prlTataljg  hare  or, 
on  onclaaalfled  mstsrisl,  over  at  ths  recaption. 

(End  of  first  day's  ssssion) 


Captain  Jenicinst  Dr.  Asa  ter  eaid  he  would  be  a  little  lata  this  Momlng, 
but  would  arrive  about  900  so  we'll  go  ahead  with  ths 
next  agenda  Itan  and  take  up  the  question  period  with  Dr.  Aaster  later. 

'iha  next  agenda  itaa  ia  a  presentation  by  Mr.  Oeofftey  Robailard  fro* 
the  Jet  hropulaion  laboratory  of  the  California  Inatltata  of  Technology, 
ttr.  Robellard  has  not  artivsd,  and  so  far  we  have  had  no  word.  I  ear- 
taixUy  hope  nothing  serious  happened.  During  InforMsl  dlaeuaalon  with 
other  people  here,  Thlnkol  and  Aerojet  have  kindly  conaantad  to  "take  oa” 
this  (liacuaai.oa  this  Moming  on  the  daeign  of  nrpilpaent  for  dost  raeoval 
and  collection  and  diapocel  of  propellant  acrap.  Hr.  Staekey,  of  the 
Safety  Divislou,  and  Health  Sngineer  of  Thlokol,  will  begin.  Hr.  Stucksy, 
you  win  be  follawed  by  any  other  people  you  have  to  add  Infoneatlon  to 
what  you  present.  Then,  ffr,  Safety  Ungineer  for  Aerojet,  will, 

with  his  people,  take  up  the  subject. 

Hr.  Stuckey t  Z  don't  have  any  notaa  ev  I  aagr  laeJada  other 

that  are  pertinent  to  tbs  Matter.  The  first  this 

particular  subject  I  would  like  to  go  over  rather  ewlftly  beeanee  I 
hsve  no  Idea  exactly  what  Mr.  Robellard  intended  to  present.  Actually, 
in  OUT  own  business,  we  found  propellant  dust  and  scrap  coUsutlon  quits 
a  pronlsM.  Oust  reaurral  ia  a  protlea  in  gsttlng  the  laploslvsa  dnata, 
eepeclall/  flnst,  away  fpo-  soae  of  our  eparatirnsi  tar  axaapla, 
cuts  by  sewing  and  thlnga  of  that  type.  Ve  one  vacusp  In  Most-  places 
at  the  present  tlMs.  Ve  would  like  to  cenelder  milling  cutters  er 
things  of  that  type  and  eetuaily  design  a  drsw-off  tyaUm  to  draw  off 
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the  fiaesj  especially  for  si  'e  of  the  n«i  cutbacks  that  preseutly 

require  four,  fire,  or  erysn  »  .x  steps  of  cutback  bseonae  of  thu  shape  of 
the  groin.  These  get  to  quite  a  prob3«s.  The  prebloB  iaasdiately 
ccskss  up  In  propellants  •  whether  you  a  :«:  «oing  to  use  a  socutui  or  not  - 
if  yon  are  going  to  use  a  dry  sys^ea  or  a  set  systea  -  erae  tbon^  today 
sany  of  our  propellants  have  quite  .^arge  aaounta  of  alaaEt-inai  In  tlieir./ 
aost  of  oor  plants  collect  wet.  I'.'u  faBilji.^r  the  "FlrotoeloDe*  and 
""offaan”  systaais  -  actually,  we  use  s  aaall  loiit  that  sits  on  top 
of  the  drop.  I  worked  in  a  plant  where  we  handled  blUlaos  of  pounds  of 
aluminua  and  tri tonal  and  I  don't  quita  have  the  foor  ^f  alunlrma  that 
many  people  have.  Wa  hod  no  great  ineidenta  in  It,  althoogh  I  will  soy 
this  for  it  •  it  takes  a  little  heat.  We  sent  it  to  the  bomiJBfc  field, 
for  exaapXe,  oncer  water,  lots  of  it.  Dsi^p,  it  seeas  to  wsric  fairly 
fair.  In  our  other  operations  we  try  to  aaphaslsa  that  aexMp  oontainiog 
propellant  should  be  resowed  right  after  ths  sparutioe.  It  i«  not  left 
in  the  builiing  oreml^t.  i31  cured  scrap  is  toicoD  t^  the  homing  fiold 
under  water.  One  of  our  dlvlalons  puta  aertp  ia  oellcpnone  bogs:  tad  puts 
water  in  that  also,  although  scat  of  our  airisions  take  their  uncured 
scrap,  heels  etc.,  out  dry.  At  the  burning  fields  we  howe  the  sas»  settq) 
os  we  hod  In  Ordnimce  in  sose  of  the  regulations  that  we  follow.  In  the 
layout  of  train  of  material,  we  don't,  pile  it  up  too  deep  end  we  take 
special  precoutiona  not  to  put  cur  oxidlxer  In  with  the  propellant.  Vesta 
ozidlser  Is  quits  a  pi-oblee.  Va  try  to  bum  it  end  don't  hove  sny  luck 
with  it.  We  here  a  aonial  prsotloe  now  of  it  with  cawdust  that  we 

us#  to  scour  our  sixers  and  we  dispose  of  it  fairly  wall  is  that  foahion. 

I  thiztk  our  blggeat  scrap  disposal  protlos  is  is  disposlsg  of  it  when  it 
is  In  a  piece  of  equipoMat  or  In  reject  engines  or  aoMithlng  of  that  type. 
The  three  oathods  we  have  tried  ore  burnout,  cookout,  end  aHChsaieol  cnt~ 
out.  There  is  little  to  be  said  about  each  type}  I  guess  it  depends  on 
hsv  you  feel  about  it.  In  burning  out  engines,  M  haoe  tried  both  under¬ 
water  and  dry,  end  we  prefer  the  underwater  buraont.  For  eaell  engines, 
ws  actually  bum  than  out  In  drms  full  of  water,  with  the  dn&as  sunk  in 
the  ground.  Ve  hold  the  engine  at  the  top  ana  tsrm  It  eat.  For  eEginee 
that  ore  open  in  both  ends,  that  ore  Just  tubes,  and  we  or*  not  trying  to 
BSlrage  the  ease,  we  bum  the  engines  out  holdlsg  thssi  horlsontally  oq 
the  ground.  Either  nethod  Is  a  wery  nice  way  to  hamfle  It  although,  as 
I  said,  we  prefer  underwater  burnout.  It  has  boss  eery  aatlsfoctory  and 
the  cooes  bare  been  good.  In  fact,  they  ore  aoeeptoble  to  Ordnance  - 
eertain  types  of  thes  onywu,',  Ihe  only  problos  ws  hofw  hod  with  It  is 
"shunting*  (I  don't  know  whet  you  coll  H).  That  is,  if  yci;  don't  use 
a  cossle  or  sons  kind  of  reatrletiog  setup  orsr  the  end  of  the  sngine, 
you  get  uneteody  turning.  If  y«ir  dlapoeol  ores  I*  eloee  to  the  plant, 
you  heae  quite  a  problow  shaking  things  up  a  little  bit.  That  can 
easily  be  token  core  of  by  a  ligiit  nosole  of  sowe  kind.  Ve  hsre  done  a 
lot  of  soekoiit  also,  aspeeially  on  the  eaig>eslte  prapoilanta.  We  hare 
practically  a  standard  sookout  sateriol  for  polymlfides.  It  is  wethy- 
lene  chloride,  xylene  wsroapton,  90!(  by  woluae,  sad  s  little  liwe.  There 
is  no  problos  with  this  wookont.  I*,  doee  a  aloe  job  and  the  preUews 
that  we  !utT«  hod  with  it  is  in  disposing  of  the  aladge.  If  it  is  allowed 
to  dry,  it  seewB  to  get  q[ulte  on  oxidlser  eontent,  Ve  boeu  had  two  or 

87 


UMCLASSIFIED 


UNCLASSIFIED 


threa  axploaions.  Wa  night  u  wall  hm  cnr  tara  •  wa  call  then  "praasure 
burstc*.  Vs  don’t  like  tfaa  tan  "datcnatlon”  aithar.  Tha  faw  incldanta 
■j0  have  had  haira  baan  ptatt^r  "rough*.  Wa  hara  fouad  that  as  loog  as  tha 
aludge  Itaelf  la  raal  vat  or  that  toa  solTant  itsalf  Is  asturatad,  wa 
hsra  no  difficulty  with  it.  In  fact,  we  hara  difficulty  in  ksapiug  It 
burning,  but  whan  it  driofl  out,  it  bacaaaa  a  problaa.  I  would  lUn  to 
reconnend  aoakout  for  thaaa  anginas  for  sTTrythlng,  If  wa  bars  good  80l> 
▼ants  for  than.  We  are  getting  sona  now  that  we  r?  solvent  for, 
like  tha  polyurethanes,  and  wa  have  an  additional  problaa  in  those  par« 
ticulsr  ones  bacauaa  they  start  to  cure  whan  you  stArr-  to  mix  than.  Thsy 
cure  at  anbiant  tenparaturas  so  if  ons  starts  sotting  up  on  you,  you  hare 
a  problaa  In  digging  it  out  of  a  aixsr  or  caating  can  or  scsath'ng  of  that 
typo  in  a  big  huiry.  As  I  said,  we  have  no  solvent  for  it  although  ws 
hava  soaked  out  aoaw  pieces  of  s<pilpaont  by  pouring  ths  solvent  I  just  re- 
farrad  to  into  tha  can  and  Isttlng  it  Isach  out  to  surf'tca  and  serspiag 
off  a  quartar-of-an-lnch  of  this  at  a  tins.  Thai,  sound.,  a  littls  tmsafs, 
but  I  don't  actually  know  how  you  are  going  to  save  «  wizsr  or  soastbing 
of  that  type  if  you  gat  it  in  there.  Wa  certainly  are  not  going  out  and 
sat  afire  a  mljcar  with  1500  or  2000  pounda  of  stuff.  Wa  are  stlH  woidc- 
ing  for  sons  kind  of  a  aolvant  for  thia  particular  batch.  Wow,  I'd  Ilka 
to  diacttss  "cutouts*  briefly.  Wa  hara  tried  cutouts  of  sereral  dlffareut 
foras.  Wa  hara  cat  it  out  on  laihas,  and  that  didn't  work  **17  Mil. 

Tha  problaa  in  cutting  out  is  In  disposing  of  the  chips  and  fines  as  they 
are  being  cat  out  bacausa  if  you  gat  a  fire  In  one  of  thaaa  eases  with 
the  iMHose  surfacea  that  you  hare  szposed  in  chips  sad  fines,  yon  hstre  s 
"pressure  burst",  and  cos  that  aight  area  knock  ths  walls  down.  BomTsr, 
cutting  out  aay  be  the  answer  to  sons  of  the  polyursthsnes.  If  you  era 
not  going  t.o  try  to  salraga  ths  prooellant,  there  is  no  reason  why  yon 
could  not  out  out  in  a  siraaa  ci‘  water.  Wash  tha  aaterlsl  ant  as  you  cut 
it  out.  I  think  that  is  one  of  tha  things  we  are  going  to  ciio  with  sons 
of  ths  rajacts  trt  hare  raoantly  aadai  cut  thaa  out  under  water  or  with 
water  on  thaa.  I  aight  aantloo  hara  that  I  sold  no  brief  for  reusing 
Mcrap.  Wa  are  vary  fortunate  in  the  fact  that  we  never  nake  the  eeas 
nlz  twice  in  n  row.  We  do  aeke  assy  different  types  of  propellent  right 
in  the  seae  alxers  so  we  are  forced  to  clean  our  aixctrs  cut  praetioaliy 
after  aech  air.  We  clean  then  co^lstely  with  sewdnst  and  detergent, 
so  we  have  not  had  any  prbblen  with  heels  snd  things  of  thst  ^rpa.  Va 
bum  then.  I  think  they  proTidw  an  axcallant  aasne  of  getting  extraneous 
aeterlal  into  your  eiz.  I  have  even  sesn  heels  da^d  out  on  paper  on 
the  fl.oor,  end  I  dcui't  know  of  e  better  way  to  pick  up  seawthing  then  in 
in  that  aathod  or  avwn  In  putting  it  in  contalnerw.  We  taka  so  wnoh 
trouble  to  screen  iteas,  screen  asterlals,  pass  aagneta  over  It  and  go  to 
all  kinds  of  eztraaas  to  keep  stuff  out  a^  then  we  throw  a  heel  in  there 
that  we  don't  know  what  la  in  it  -  end  yon  certainly  can't  screer  it. 

That  oovers  the  Iteae  I  wanted  to  bring  up  -  does  aqyone  hatve  aay  qnsstioaaT 

?fr,  Blshofft  I 'a  vary  Interasted  In  tha  aafety  preoantlons  you  taka  when 
you  hara  to  claan  out  tha  aixar,  when  it  "seta  up*  In  the 
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ffr  ,  3tuek«y>  Foi'utnat*!^',  m  hvre  n«T»r  bad  it  bi^^paa  ia  ona  of  the  real 
big  oJjcera*  It  is  a  oaa««an  operstiao*  Xoa  poor  tba  aolrent 
in  and  let  it  set  for  two  or  three  houra,  and  use  plaatte  ^atolaa  to  re¬ 
sort  the  saterial  off  the  t»rface.  The  only  real  pncaatlm  »  taka  is 
naklng  mre  that  the  oper*t^  stands  between  the  dzar  ai^  the  door.  We 
had  an  ignition  of  that  type  ia  an  engiiie  we  aece  rleanfng  oat  that  my. 

It  la  not  like  an  ignition  with  an  ter.  Toe  don't  li^tt  the  entire 
surface  of  this  thing  at  one  tine,  and  nnle-s;  Ihs  *«q  atapa  to  pick  np 
his  touls  or  do  sonethlng  of  that  type,  I  see  ee  reason  e  na  can't 
get  out  with  an  iteration  of  that  ty^.  for  aeall  ntxeF*,  Callaa,  flre- 
gailoa,  etc.,  1  would  soggeat  aotually  bemlag  than  aeu  Kith  meter  nnniag 
through  tha  Jacicat  while  you  are  doing  it.  We  base  dene  aone  lah  alxars 
that  way.  I  figure  that  we  will  erestaally  fisaeae  wp  s  Cast-eniing  pro¬ 
pellant  in  a  big  aizar  and  for  a  Job  Uks  that,  it  voold  take  yw  at  laast 
a  week  to  clean  it  out. 


Blehofft  Could  you  have  a  nan  stand  by  eith  a  fog  esssla? 

Mr.  Stuokert  WoU,  we've  had  fog  notalaa  ont.  Xa  fWet,  I've  had  theee 
paopla  from  Aaaul,  bat  everybo<iy  thfnfce  that  they  have 
soeathlng  that  will  put  tha  stuff  out.  So  far,  I  haven't  been  able  to 
find  one  that  oan  put  ana  of  these  nropellante  oat  ehsa  e  itO  or  50 

pound  Job.  Doe  of  the  fog  nocale  la  to  put  tha  oproy  on  the  nan  ia  eeee 
the  nlztura  lights. 


?fr.  Biahoffi  I  was  thinking  of  kaeplng  tha  non  tern  hemlag  •  like 
ealng  tha  fog  nosales  to  keep  the  spngr  on  the  nan. 

tfr.  Stuekeyi  Well,  I  ectually  think,  in  thle  patttcnlar  eeee,  ne  eeuld 
be  taking  a  chance  eith  ten  nan  Instaed  af  one*  I  wmld 
rather  take  every  preecation  1  can  te  get  tha  one  nan  oat  and  nafca  aura 
that  the  one  aan  I  pot  ia  there  know  what  ha  aaa  dslag. 


Hr.  Biabofft  Does  ha  have  te  wear  respiratory  cqaipeoatT 

Hr.  Staoiteyi  It  depends  t^cn  the  partleolar  propellent*  We  aeke  one  that 
ia  t«d.c,  and  in  that  particular  eaaa,  ha  eweld* 


Hr.  Blabofft  Ton  nantice  the  uee  of  a  advent.  Wnlhi't  year  nelvent  be 
tozlef 

ttr,  Stneker'  Ho,  this  advent  la  net  bed.  We  aoteally  uee  e  reaplratory 
for  it,  but  it  ie  not  bad* 

W.  B.  Hbrphr,  Offioe  of  the  Depwtr  Chief  ef  Staff.  fWreeMwl.. 
Departesnt  of  the  ixmjt  Do  you  taevw  eay  laf ozentloa  with  roepeet.  to  the 

generation  of  etetio  dee  te  the  Intaraal  eereen 
in  the  ventilation  syetanT 
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Mr.  Stuekayt  I  don't  hav*  sxsjthing  on  it.  I'ji  not  maeb  of  a  static  "bng” 
although  then  are  certain  opentions  ia  afalidi  I  aa  afraid 
of  static  and  that  ie  when  I  ban  flaanabls  atacaphens  or  dnat  condi- 
tlona.  On  our  operationa  with  big  grains  when  than  ia  no  dust  and  it 
takes  la^be  650-700  degnes  to  autoignition,  I  don't  wditt’  about  static. 

We  have  rery  little  Tentilatloa  equi^.^icrt  of  the  typa  that  I  think  70a  an 
nferring  to,  and  I  have  Ter7  lit^e  infon;ai.iou  "r  it. 

>fr.  Mnrphyt  I  wae  thinking  of  ai.uainna  in  particular^  when  70a  hacrc  Texy 
fine  particles. 

Hr.  Stuekeyt  Mo  -  I  don’t  Utink  I  hare  ssTthing  sn  it.  I  aada  this  state* 
B'^nt  pnrlously  that  I  aa  not  ▼ary  aneb  afraid  of  alnalnuB. 
Without  the  aoistun,  I  dui't  think  it  la  aar  prablapi.  With  aoiston.  Ton 
haro  to  hare  a  fair  aaount  of  heat  to  sake  it  work.  I  'hink  the  pnblaa 
then  ist  keep  it  dr7  or  keep  the  stuff  that  70a  base  under  water  out  la 
the  open  and  opena<J  up.  All  of  the  alaalnai  containing  ser^  that  we  pat 
out  in  our  cans  that  we  take  to  the  burning  field  an  alwaTa  left  open. 

W«  put  no  eorera  on  than. 

Kr,  Murphyt  This  inforaation,  76r.  Stuekay,  that  70«  hanre  p-nssatad  -  is 
this  eormd  in  axsf  ■anual  that  tou  people  have  which  othen 
Bight  obtain  for  guidance? 

Wr.  Stuekeyi  I  think  that  we'd  be  willing  to  aend  Tcn  the  infonsation. 

Wa  have  it  in  the  fora  of  SGPs  end  tqieratloiial  things  of 
that  tTpe.  This  Is  getting  off  ths  subject,  but  then  is  another  itea 
I  would  like  to  Mention  and  that  Is  that  we  an  also  txTlag  to  cut  tbs 
case  off  tbs  propellant  we  sn  testing.  We  an  going  to  nee  e  lathe  and 
tr7  to  cut  the  caee  right  down  to  the  liner  without  affecting  the  propel¬ 
lant.  The  onl/  nasoa  I  brought  that  up  la,  as  a  eoolant  daring  this 
process,  we  an  going  to  uaa  CO2. 

Hr.  D,  L.  Saine,  OUn  Hathieaon  Con>anart  Tou  aeatlaaod  that  70a  need  a 

solvent  for,  I  believe  700  ssid, 

the  polTwnlflde  conpoalte  propellante.  Ton  aleo  aentlcoed  that  700  did 
not  have  a  solvent  for  the  polTunthane  propellante.  Do  7<oa  have  om  for 
the  FSAA  propellante? 

>fr.  Stuekeyi  The  eetu.  -'is.  We  uee  Mthylene  chloride  and  xylene  aer- 
captan.  The  aylaae  aereapten,  Ineldentally,  aoms  In  at 
eotitrol  of  the  bue  -  it  la  alna^  la  ths  eolation.  We  do  it  veiy 
sljg>l7t  nine  gallons  of  asthylens  efalorida  and  ona  gallon  of  xyleaa  ner- 
eaptan. 

Hr,  Sainet  One  other  ooaawtit  -  yno  eentloned  ecnethlng  abeot  your  dost 
reeoval  during  eutbvok.  I  think  thia  oorpontlco  night  aolre 
it  by  the  experience  in  the  dcoble  base  cutbeok  (tering  opentions. 

I  believe  that  then  is  quite  a  successful  chip  ranoval  axid  dost  raaoral 
ays  ten. 
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St»;ckT»  I  Ilka  these  ellcar  blades  that  eat  jcor  material  in  one 
nice  big  piece,  but  the  big  problaa  urn  have  in  cntback, 
of  course,  Is  getting  fines  do%m  In  the  grain.  Soae  of  oar  dlTlsioas 
use  a  grain  plug  for  that.  Ion  put  a  plug  down  into  the  grain  to  keep 
the  fines  from  getting  doun  in  there  ^  We  are  working  msr^ljr  oa  the 
theoiy  that  if  the  thrust  is  taken  esu's  oi  li?  the  operetiott,  nd  jcn 
hare  your  engine  fixed,  if  it  does  bum  aeeideiitaLdif  aol  i«  a  noznal  burn¬ 
ing*  you  won't  hare  too  met;  of  a  problem.  Ton'll  hate  to  report  it,  but 
still  It  shouldn't  be  too  terrific  an  Incident  of  mr  ''ind.  If  the  fines 
get  do%m  In  there,  then  you  probably  will  hare  a  tarrlfle  bnrst* 

Hr.  Shaefert  In  the  soaking  and  scraping  oat  qwration  for  a  mixer  charge, 
does  the  operator  use  asbestos  clothing,  face  shield,  etc.? 

Mr.  Stueksy;  No,  We  use  plain  treated  nnifoms  that  ere  flaaw  retardant. 
(We  use  DuPont  products.) 

Mr.  Shaefert  Whet  about  face  shield.  Is  that  seed? 

Mr.  Stuckey?  Mo.  We  don't  use  e  face  shield.  I'm  working  strictly  on 
the  theory  that  an  ignition  of  this  type  vomn  probably  be 
caused  by  Impacting  -  like  beteeen  the  scraper  sod  aixar,  eowethlng  of 
that  trpe  ^  that  it  would  be  an  ignition  that  the  an  conld  get  aanqr 
ftom.  For  example,  we  hod  this  heppent  just  hscaaec  we  thought  that 
eruntually  we  might  here  a  adxsr  fresM  19  this  way,  we  cleaned  oat  e 
couple  of  pretty  big  enginae  in  this  way  end  else  a  caatli^  can.  Where 
the  surfacs  is  this  big,  ws  also  used  an  eager  and  drilled  little  holes 
whloh  helped  this  process  treawndoualy  ezoept  that  ws  couldn't  drill  than 
up  close  to  the  sides  of  the  caeiing  can  nor  near  the  botton.  Ibe  wsbbing 
would  break  out  easily.  In  the  oeee  of  tbs  engine,  ws  filled  It  full  of 
material  and  erery  four  hours  we  would  duep  tl^  out  rad  ecrape  this  soft 
material  off.  This  was  a  rather  large  an^ne  and  ue  dewtilpped  e  apetola, 
a  big  spatula,  to  gst  at  the  stuff  down  at  the  betton.  The  operator 
cleaning  the  surface  was  a  little  too  anthulaatie  in  bis  effoK  to  scrape 
sene  of  this  near  the  botton  and  the  spatula  allpped  and  hit  the  botton 
of  tbs  case.  It  popped  like  a  IWen^-Two  -  just  ebeut  like  am  ijapaet 
test  that  we  make  In  our  plant  -  end  started  to  baxs.  Me  didn't  lose  any 
tias  leering.  There  were  also  three  other  men  la  there  on  enothsr  ppere- 
tion.  Ws  stopped  that.  There  were  also  two  or  three  other  engines 
lying  there  which  also  Ignited  end  blew.  Masn  the  first  ineldant  occurred, 
the  other  operators  saw  the  men  who  wee  woridne  on  the  thing  leers  so  they 
decided  it  wee  tljw  for  them  to  leers  too.  Thm  was  no  pr^den,  and  I 
don't  think  any  of  than  were  in  any  real  diffleel^.  la  feet,  one  of  thm 
was  actually  carrying  cm  of  the  englnee  of  the  mm  type  that  bias  and  hs 
ran  about  100  yards  with  it  befors  ho  stopped,  set  it  down,  and  took  off 
again. 

ffr.  Jsaekt  Mhx,  I  have  a  question.  No  doubt  uhan  you  burned  this  aer^ 
which  is  contmlnated  with  selrsot,  you  ignited  yonr  train 
with  squib.  In  the  erent  that  you  don't  use  scrip,  tha  bid  question  has 
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cone  up  again  aa  to  whathar  mb  sbould  light  Into  tho  illroetlen  fron  ahleh 
t'iO  vlnd  ia  blowing  and  so  on.  Iloir  do  n>u  4o  it  oat  at  Thldkol^  and 
wut  waa  your  axparlenco  i.i  Kansas? 

Mr.  Stuckey:  We  light  Into  the  tdnd  at  both  places.  We  use  electric 
squibs  at  Kansas.  We  don't  Ilka  thsi  icwt  here.  We  use  safety  fuse. 

We  end  the  safety  fuse  either  in  a  hand  full  of  d'  "’  scrap  propellant  or 
end  tho  fuss  up  in  a  little  hand  full  of  uneured  propell'.nt{  then  into  % 
little  train  of  excelsior  or  sanwthlng  of  t^tat  type,  and  then  into  the 
propellant.  We  light  ^.nts  the  wind.  It's  homing  intc.  the  wind,  aot  we 
hare  always  been  afraid  of  that  because  we  have  quite  a  bit  of  wind  that 
ia  very  chsn^abla down  hare.  I  wouldn't  want  sone  of  the  gusts  I've  seen 
blowing  this  flane  out  ahead. 

Hr.  Jesakt  In  other  words  the  wind  is  blowing  towards  yai? 

Mr.  Stuckey:  lou  get  plenty  of  distance  for  your  operator  but  we  never 
stay  out  in  the  burning  flelii.  1 1  is  a  reeots  control  operation.  Only 
one  man  ataya.  Incidentally,  to  light  the  safety  fuae.  It  Is  about  a 
tan>ednuts  fuss.  Everybody  else  leaves  befors  tha  fuss  is  lit.  Ws  ob¬ 
serve  it  frcM  our  obeervation  station,  whioh  Is  about  six  hundred  fast, 
so  wo  can  see  if  sane  material  does  gst  out  of  ths  fields  to  start  grass 
fires. 

Capt.  d^nidnai  I  have  ons  nots  of  possible  interest  there.  In  ths 
adiltary  establiahaant  there  are  sewral  aathods  which  could  cause  IgnitL  on 
of  tho  propellant  scrap  to  bo  disposed  of  at  the  burning  ground.  One 
method,  of  course,  is  to  make  ignition  with  the  wind  blowing  toward  the 
operator's  face,  and  another  service  uses  it  Just  the  other  way  around, 
so  the  Arwed  Se^cae  Elzploslvea  Safety  Board,  ia  trying  to  get  stm 
unity  on  this,  cane  up  with  "blowing  down  the  middle."  That  is  aot 
a  way  to  arfaltrat*  it;  there  is  s  lot  of  good  ^stifleatioo  far  it.  In 
fact,  that  la  under  some  serious  study  right  now  by  ths  various  ssrvlcss. 

Mr.  Seeker:  I  isight  add  enn  thing  here  coaosming  burning  hsssrdous 
eaterial/r*  In  chs  crdnaacs  plants  wbare  we  have  productlan  Itows  af  soma 
type,  we  didn't  run  into  aayidMra  near  the  problom  that  wa  had  here  when 
there  are  constantly  new  Itews  that  most  be  burned  on  the  field,  such  as 
new  ooddisera  and  new  propallauta.  Soma  of  thna  haven't  even  reached  the 
atage  yet  idwra  you  know  whathar  the  aneka  ia  tozio  or  anything  else. 

Too  know  vary  little  about  acne  of  thsm.  When  they  first  show  up  ia  ths 
samples,  vou'va  got  to  bum  out  at  the  burning  field  with  your  otbsr 
aaterlel.  We  do  have  a  preotlee,  and  I  think  it's  a  good  piraetles,  that 
If  any  new  material  must  be  bum^,  bum  it  sspsrctsly  until  it  is  proven. 
That  is  a  hard  thing  to  control,  but  it  is  worthwtalls  if  yen  cm  estab¬ 
lish  it.  Otherwise,  we  have  some  of  the  new  ones  that  we  are  working 
with  now  that  you  can  hardly  bum  with  a  blow  torch.  Once  you  set  than 
on  flro,  about  nine  times  out  of  ten,  they  blow  rather  than  bum  although 
they  are  not  supposed  to.  We  found  thet  saw  of  them,  for  Instanos,  that 
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had  tha  auns  nitrate,  have  to  be  put  with  scmettilng  else  aetaally,  to 
l>um^  We  thsa  vlth  aaeduat  like  m  do  oat  IP’s.  I  think  that  ee  may 
be  setting  into  trouble  by  blowins  acme  of  this  taming  propellant  ont 
adjacent  areaa,  and  wa  don't  have  much  area  there*  I  tUnk  that  these 
should  be  burned  separately  until  you  have  enough  faith  in  than  to  bum 
then  with  the  other  material. 

Capt.  JenJeLns!  Thank  you  very  much,  Mr,  Stuckey*  Ha  vlli  have  just  one 
short  one.  We  are  running  behind.  I  want  to  get  Ifr'*  ttorton  In  on  this,, 
too. 


Mr.  Sains;  I  believe  you  coiesented  a  monent  ago  to  the  effect  tnat  you 
di^'t  Relieve  that  yon  could  extinguish  a  slxtaea^lneh  coapoelta  type 
propellant  grain  with  a  deluge  systan.  Vaa  that  correct? 

Mr.  Stuckeyt  Tea.  1  dca't  know  of  any  of  thoa  that  we  have  put  out  yett 
I'Kon'T’say  that  you  couldn't  get  eiAMgh  watar.  I  dc  know  that  with  the 
water  supply  that  wo  have  available,  we  oan't  pit  It  out*  Our  eonetruetion 
set-up  la  simply  not  to  give  the  stuff  anything  else  to  bnm.  If  you  are 
going  to  have  a  ttalrty-8eeb.'d  or  a  fcrty-eeeond  firs  in  a  pit  cr  la  a 
building  and  you  give  It  notfai.%  to  bum,  long  before  yea  can  got  your 
fire  apparatus  going  or  anything  else,  ite  thing  la  all  over  and  you  can 
VO  in  and  do  sonetbing  about  It*  Of  course,  that  Isn't  the  type  of  fire 
that  we  hed,  but  that's  the  type  we  am  gei^  to  hare  trtm  now  on,  I 
think. 


Capt.  Jenkins;  Mr.  Schaefer,  I'd  like  te  get  Mr.  Buxton  to  add  any  cen- 
ments  that  he  and  hla  peoplo  can  mako  on  this,  and  than,  perchance,  he 
might  answer  the  question  you're  interested  in. 

Mr.  Buxton>  I  think  that  we  are  already  "on  borreesd  tins”  so  I'm  going 
to  make  lEEis  tnief  *  1  think  Hex  covered  things  Tery  well  althou^  I 
would  like  to  go  inte  the  subject  of  the  esUectlcs  of  aenp  propsUant. 

We  found  that  some  very  outragecus  safety  practices  ware  being  followed 
by  the  maintenAnee  group  that  pickod  up  this  scran  propellant  that  we 
wanted  to  get  rid  "f.  TW  oj  of  course,  in  a  reeesTcIi  «sd  demwlopsent 
operation  like  we  are  heavily  Into,  can  involve  a  Ht  vt  tomxage.  I  don't, 
mean  tc  use  that  word  loosely,  but  actually,  we  hem  apwerde  of  two  or 
threo  thousand  pounds  of  scrap  propellant  a  day.  I  hope  that  doesn't 
shock  anyone.  Actually,  we  are  running  tr  mi  end  01  naibers  at  esvlran- 
mental  testa  and  physical  property  tests  on  this  material*  Hs  found  out 
Ita  elongation,  ita  elasticity,  etc.  Tou've  got  to  get  rid  of  this  stuff, 
and  naturally  we  have  quite  a  lot  of  it*  I  won't  tell  you  what  we  found 
but  I'll  tell  you  what  we  have,  at  least  now.  He  have  a  special  track 
that  does  nothing  but  this,  and  we  have  special  mw  that  do  nothing  hmt 
this— collecting  scrap  propellant.  I  tfalidc  that  this  is  quite  inpertant| 
our  truck  is  about  as  apark-proof  aa  you  can  make  It,  and  this,  I  think, 
is  desirsble.  It  la  eomplstely  stainless  steel  lined,  has  a  spark-preof 
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axhAuat  ayaUn,  a  noa-aparldng  ignition,  and  so  forth.  Than  tha  men  tham- 
salved  wa  made  aa  spark -proof  as  posslbla.  This  Is  nonathing  that  had  bean 
apparently  overlooked,  nma,  they  Mere  aearlng  conduetire  shoes  and  had 
Sana  kind  of  protective  coveralls,  but  thare  uas  quite  a  bit  that  had  bean 
overlooked  itself.  This  is  something  that  might  seen  to  you  "offhand,* 
but  it  is  still  basic  and  fundamental.  don't  even  need  to  think  about 
it  again,  but  you  might  look  into  this.  Wlio  pi.  iing  no  year  scrap 
propellant?  They  might  be  a  real  hazard.  Mow  one  other  thing  that  ms 
lookod  into  is  this.  They  Mere  using  polyethylene  baga  to  put  this  scrap 
propellant  into,  Mbether  it  was  uncured,  cured,  or  sampaes  of  burned 
met^  teata,  ate.  Here  we  discovered  that  it  was  possible  to  get  a  static 
spark  from  your  polyethylene  bags.  Maybe  sone  peo|ile  have  had  more 
experience  with  this  than  we  have,  but  it  seared  us  qulta  a  bit  whan  we 
found  tha  degree  of  static  sparks  we  could  get  fren  a  polyethylene  beg. 

We  are  now  getting  sperk-proof  or  at  least  eoeduative  polyethylene  bags. 

I  didn't  know  whsthsr  you  folks  knew  that  this  was  svsilabls,  bat  tfasre 
ars  two  eonpanlea  in  the  country  that  make  spark-proof  polyethylans  bags, 
and  I  understand  that  they  would  like  to  have  comments  of  this  sort,  or 
some  sort  of  a  write-up  of  tide  program  and  I'll  include  that  in  my  con- 
men  ts.  If  you  folks  are  interested  In  where  you  can  obtain  spark-proof 
polyethylene  bags.  I'll  give  you  U>e  infomation  later.  Oui?  otr>.er  thing 
that  I  wanted  to  mention,  and  this  apparently  has  not  bean  important 
encaigh  for  you  folks  to  evwn  feel  should  be  on  the  program.  It  is  this 
natter  of  "atruck-spark  generation.*  Ue  talk  a  lot  about  atatle,  but  I 
don't  know  whether  you  realize  that  if  you  perndt  soneona  to  cone  into 
your  plant  with  hobnails  in  his  shoes,  leather  heels,  or  cleats  on  een- 
erete  he  can  strike  a  very  hot  spark—nuch  hotter  than  you'll  get  with  most 
of  your  static  probloBs.  Vo  ran  a  few  tests  on  this  to  so*  idist  we  could 
get.  It's  possible,  actually,  to  estimate  the  cottent  of  the  struck 
spark,  nda,  too,  I  will  be  glad  to  send  to  the  Board  if  you'd  like  to 
know  Imw  we  arrived  at  this.  I  had  e  few  notes  on  this  that  we  had  worked 
up.  Ve  naturally  had  to  make  some  assumptions  on  this.  On  the  weight 
end  else  of  tho  particle,  for  instance,  we  used  about  a  Imwlredth  of  a  gram, 
which  is  a  pretty  heavy  particle,  and  yet,  conceivably,  if  e  person  fall 
or  gave  a  real  tiard  kick  with  tds  shoe.  It  would  kick;  off  this  much.  On 
tha  basis  of  ths  spscific  heat  of  steel  (the  melting  point  of  steel  la 
spproxinstely  around  1^00  dsgrees  centigrads),  we  cam  up  with  a  theo¬ 
retical  figure  sf  approximately  nlno-Jo^e  sp^.  Pren  ths  talk  we  had 
yesterday,  Mr.  Cuings,  you  recall  that  it  takas  three  to  ten  of  nine 
power,  eesMthing  Ilka  in  Joules,  to  set  off  at  least  vapors,  and  wa 
feel  that  we  probably  could  set  off  even  ureured  solid  propellent  with  s 
spaxdc  of  this  Intensity.  So,  this  gets  beck  to  the  mm  that  is  collecting 
scrap  propellant.  First,  he  should  have  eonduetiiw  shoes  and  be  sure  that 
he  doesn't  have  any  metal  entrapped  in  than.  One  othar  thing,  idille  I'm 
speaking  of  this  struok-spsrk  bwiness,  and  I  don't  mean  to  questden  ths 
procedure  following  here  at  HIT,  tut ’m  like  as  s  stetlo  sUsinator  •  a 
conductive  strap  that  actually  covers  the  sole  and  heel  of  the  shoe.  There 
are  oeverol  varieties  of  this.  The  kind  we  use  is  ths  International  Shoe 
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Company  variety  tiiat  allps  In  the  sloe  of  your  shoe  as  tmlX  as  over 
t)<e  back,  and  you'll  recall,  it  comes  froa  Uw  toe  of  your  cdioe 
clear  back  ovei  the  back  to  the  heel,  so  If  a  mb  bad  cleeta  in  his 
shoes,  he  is  still  walking  on  the  conductive  nfcfcer.  How,  this  takes 
care  of  that  problem.  We  also  have  used  Tellow  patches  that  I 
know  Thlokol  used,  and  Don  is  actually  the  fellow  wro  uut  me  in  touch 
with  the  company  in  Philadelphia  which  sells  than.  Tt:a  name  of  the 
company  slips  ^y  miud  -  it  is  on  Cocknan  Street  in  F^Madelphta. 

Now,  this  has  two  advantages;  if  you  are  using  your  conductors  that 
you  use  here  and  you  put  these  yellow  patches  on  their  heels,  than 
you  have  accomplished  vhat  I  am  Interested  in  •  the  struck  enark. 

It  has  one  other  value,  and  that  la  in  trapping  say  material,  in  your 
heals,  particularly  in  a  rubber  heel  with  these  litU*  holes  where 
the  nails  go  through.  At  least,  in  sur  plant,  yom  could,  is  certain 
places,  get  uncured  propellant  entrapped  in  theee  heles  and  later 
you  might  twist  your  hMl  end  get  soMatbing  oat  of  placs  and  eoqplode 
this  and  possibly  bum  or  hurt  somebody  pretty  seriottaly.  Ton  all 
know  what  I  as  talking  about,  I  suppose,  with  theee  yelloir  heal  pat-cbes. 
i'hey  are  nothing  but  -  I  guess  it  is  polyethylaas  or  somethlnc  •  tnat 
has  Suae  "eblckua"  on  one  side  like  scotch  tape.  Iim  can  laab  put 
them  on  your  heels  and  pull  tham  off  very  easily.  Tbs  only  otfaw 
thing  that  I  would  like  to  mention  that  w«  had  a  Uttls  trouhls  on 
was  the  natter  of  disposal  of  water<washed  dust  «r  wsll-grouiid««f  f 
propellant.  Oir  machine  operetlons  that  we  do  wst  -  ws  use  almost 
100!^  wet  machl'dng  of  our  fresr-standing  grains.  Vhat  becowes  of 
this?  Vihere  dose  it  go?  ismtming  you  are  woridag  with  a  laths  or 
something,  and  machining  thin  stuff  off  it  -  the  fines  go  down  and 
it  is  washed  down  -  it  gets  in  a  flume  end  it  goes  out  of  the  build¬ 
ing,  etc.  Watch  very  carefully  what  becomes  of  the  real  fine  fines 
on  this.  If  you  are  leaching  it  into  tbs  ground  or  aenethlag  like 
this,  it  can  pose  a  real  hasard  because  some  sgr  a  bmlldoser  might 
CfXB  along  in  this  area,  this  happened  in  our  plant  sewsrsl  ysars 
ago  and  practically  blew  the  track  off  a  bulldMsr  wbieb  ran  over 
it  and  ignited  it.  The  ground  got  thorougbty  ij^reguaied  with  gcod 
old  Aerojet  propellant,  and  it  didn't  like  being  — oa  ty  s 
buUdoser  and  it  actually  exploded  under  the  treefe.  That  Is  about 
the  only  thing  that  I  had  to  add  to  Max's  cimimiirts  which  I 
covered  the  subject  veiy  coqjletely. 

Mr,  Henry  F.  Harris,  ASgSBt  Just  about  ten  nlnutss  ago,  a  phons 
call  from  ihe  Board  was  received,  and  they  said  M*.  C.  W.  tyers 
would  be  lu  attendance  on  tlu  ICth  and  Uth  of  ^me  in  place  of  * 

Hr.  RobiUard.  Re  will  speak  on  the  subject  tint  Utm  Btoblllard 
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vas  to  present.  1  want  to  make  sure  that  Mr.  Byers  has  an  oppor¬ 
tunity  to  speak  on  tnls  subject,  If  he  is  present.  I  don't  know 
his  whereabouts  at  the  ^nosMnt,  so  we  will  continue  with  the  agenda. 

Captain  Jenkins t  If  we  hare  tiae,  when  he  arrives,  ve  will  hear 
from  him.  Captain  Clark,  USAF,  will  take  \ip  ths  xr.tcresting  subject 
of  methods  of  determining  explosives  hazards  of  solid  propellants. 

Captain  H.  T.  Clark,  CSAF,  hkPCi  I  am  at  quite  a  big  loss  hero.  I 
found  out  slnca  preparing  this  speech  that  the  Board  has  had  another 
meeting  on  methods  of  testing  which  has  sort  of  "cut  the  water  out 
from  under  me",  but  I'll  go  ahead,  and  prcbably  add  a  prologue.  I 
heard  hoy  some  of  these  •zperts  have  been  selcc*^!  to  rhow  up.  I 
think  I  have  the  best  one  of  all.  I  made  the  mistake  of  going  on  a 
three-nseek  vacation  and  the  last  day  of  my  vacation,  t5:cy  called  me 
up  and  asked  how  long  my  speech  was.  ».  Adkins  was  real  interested 
In  knowing  how  long  I  was  going  to  talk.  This  is  the  wiy  1  found  out 
that  I  was  going  to  be  here.  We,  of  course,  welcoaw  this  opportunity 
to  discuss  methods  of  detenalning  eoqplosives  hazards  of  solid  pro¬ 
pellants  for  rocket  motors.  This  will  be  mainly  orientaa  co  the  end 
item  rather  than  the  propellant  itself.  ?his  discussion  will  Include 
the  foUcwlTig  items: 

1.  A  siumnary  of  the  explosive  classlficatinn  teste  required  by 
Ma-D-26389(USAF). 

2.  A  summary  of  the  major  revisiens  to  this  spscification  which 
will  be  required  to  meet  the  Armed  Services  Sbqploeives  Safety  Board's 
proposed  minljnin  criteria  for  deteralning  hazard  classification  and 
the  financial  Ijqpact  of  these  changes. 

3.  Puoalble  means  of  reducing  the  number  of  motors  required 
idiere  s  major  expenditure  of  funds  is  involved. 

Mil-D-26399(USA7)  corsrs  the  data  presentation  requirements 
for  detemining  safe  handling,  storage,  and  shipping  procedures  for 
rocket  motors  end  their  components. 

Previous  to  November  1958f  the  require'l  tests  were  specified  in 
Kil-S-25532(uSAr ).  There  were  It  main  faults  with  the  old  specific stion. 
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1.  Test  rcqulrenenta  ware  not  clearly  dafiaBd* 

2.  Test  msthoda  were  not  specified  and  therefore  differed  with  each 
testing  agency. 

3.  The  method  and  requlronenta  io<:  poeaenting  teat  data  wac  not 
specified. 

It.  The  teats  were  expensire  and  potentially  dangarc-ia  in  the  ease 
of  large  motors. 

All  but  the  latter  deficiency  was  resolred  In  the  new  spedfleatlan 
by  clearly  spec'  fylng  test  requiranenta,  the  general  teat  method  and  type 
of  equlpaent  where  critical,  test  data  to  be  taken,  and  the  method  of 
presenting  resulta.  These  changes  assured  that  proper  data  was  obtained 
and  also  perm! la  a  n.ore  valid  cenparison  of  data  Iken  varivus  cgsneies. 

The  most  difficult  fault  to  correct  was  that  sf  azpesse  and  danger 
involved  in  testing  large  motors.  The  deeieion  wee  to  make  the  following 
changes. 


a.  Allow  the  substltutien  of  sub-scale  motors  for  full  scale  motors. 
Air  Force  appreval  is  required  for  this  substitutisa  as  in  sewe  Instances 
it  may  not  be  desirable.  The  sub-ecals  motor  is  dt‘fined  as  e  motor  that 
length  equals  the  full  scale  motor's  dlsmeter.  Qrset  reduetloiut  of  pro¬ 
pellant  weight  can  be  accaepllshed  in  sonw  instances. 

Teets  are  being  conducted  under  the  Bonare  develoiaent  progri  iddch 
should  corJ*irm  the  validity  of  the  implied  essmqjtlaD  that  oa^Llgible  changes 
in  test  results  are  introduced. 

b.  Expense  of  the  test  was  largely  reduced  hy  deerseeing  the  tamber 
of  motors  required  froi  30  imita  to  6  unite* 

A  brief  deaeriptloo  of  the  content  of  the  new  spwelflsatloa  is  in 
order.  The  speclUcation  includes  tests  for  Impact  eensitlTlty,  pro¬ 
pagation  of  a  detonation,  effect  of  fire  arid  propellant  ■ntoLgni'Uan. 

The  impact  sensitivity  tests  consist  of  the  Ifi  foot  drop  test  for  the 
rocket  motor,  igniter,  and  standard  propellant  grains.  The  standard  grains 
are  5"  x  5",  5"  x  10",  and  10"  x  30"  (dlimetefr  v  length).  Motors  and 
igniters  are  also  subjected  to  a  30  or  ^  caliber  ballet  teat.  Propellant 
and  igniter  camposltloc  impact  sensitivjj  ty  teets  are  conducted  using  the 
Bureau  of  Explosives  impact  apparatus.  Tte  oxidlsar  content  of  the  pro¬ 
pellant  being  tested  is  varied  over  a  wide  range  for  tills  test.  Tests 
are  conducted  at  -75®F,  70°F,  ar.d  170*¥. 

Propegatian  of  detonation  teste  are  conducted  on  the  redost  motor 
igniter  and  four  each  of  standard  grain  sizes  laid  wad  tc  end.  Tests  are 
conducted  using  a  number  eight  (#8)  blasting  cap.  The  motor  end  standard 
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grain  tests  are  followed  by  one  using  a  #3  cap  with  a  booster  charge  of 
ICO  grains  of  C-h  ccnposition  if  a  detonation  is  net  observed  using  tba  cap 
alone.  The  propellant  detonation  test  conaiste  of  attempting  to  detonate 
loosely  packed  propellant  of  a  given  oorticle  size  range  in  a  10  inch 
diameter,  four-foot  long  pipe.  100  grama  of  C-li  ccnposition  and  a  #3  cap 
are  used  if  a  detonation  is  not  obtair<cd  with  a  eap  alone. 

Effect  of  fire  tests  are  conducted  on  a  rocket  mote-  packaged  for 
shipment  and  on  wooden  era  ten,  each  containing  four  8tsndai*d  grains  of  the 
same  size.  An  effect  of  fire  test  also  conducted  on  raw  propellant  as 
received  fTon  the  mljcar.  The  raw  propellant  is  contained  In  a  pressure 
vessel  designed  to  rupture  at  5000  p?i. 

One  hour  end  eight  hour  auto-ignition  temperatures  sre  detemlxed 
using  a  Wood's  Metal  bath.  Ten  gram  aasiplas  are  used  in  this  test. 

Several  major  changes  of  the  new  specification  mil  be  required  when 
the  proposed  minimum  test  criteria  are  adopted  by  the  armed  seances,  fhiiva 
changee  would  consist  of  sllminating  the  optlm  of  using  sub-scale  motors 
for  tests,  adding  motor  and  Igniter  conflneMent  testa,  substitutian  of 
Engineer's  Special  blasting  caps  for  #8  caps,  substi tatinr  30  g-rrs  of 
v:tryl  for  100  grans  of  C-E  conposltior.,  ind  Increasing  the  number  of  test 
motors  and  igniters. 

The  increase  In  number  of  motors  required  and  elimination  of  scale 
motors  will  greatly  increase  costs  for  motors  exceeding  a  million  pound- 
secends  of  imoulse.  The  Increased  cost  in  motors  on  one  Air  Force  program 
would  involve  ji250,000.  On  the  basis  of  econonics  2done,  ii.  is  considered 
advisable  for  tha  armed  servicee  to  seek  new  methods  of  testing. 

Perhaps  the  most  Intriguing  approach  that  can  be  imeglned  is  one  of 
using  the  propellent's  critical  diameter  as  a  tool  for  reducing  or  eliminating 
the  need  for  full  scale  motor  testing.  Assume  that  the  propellant's 
critical  diameter  has  been  deteimned.  Also,  assume  that  an  equivalent 
diameter  can  he  detarmlnod  for  the  motor's  grain  configuratian*  Define 
equivalent  diameter  as  being  the  diameter  of  s  right  circular  cylinder 
which  is  equivalent  to  the  motor  grain  with  respect  to  propsgatiug  a  de¬ 
tonation.  Wall  effects  and  the  effects  of  length  to  diameter  ratio  are 
being  Ignored  for  sake  of  simplicity. 

Intuitively,  the  equivalent  diameter  would  appear  to  be  less  than  the 
motor  diameter  and  probably  equal,  to  or  greater  than  the  web  thickness  on 
a  case  bonded  Internal  burrdng  grain.  For  the  moment  assuDM  that  the 
equivalent  dimaeter  la  equal  to  the  largest  circle  which  can  be  inscribed 
on  the  longitudinal  cross  section  of  the  grain. 

Knowing  the  propellant 'a  critical  diameter  and  the  motor  equivalent 
diameter,  several  interesting  possiMi.ities  are  evident.  If  the  equivalent 
diatreter  is  leas  than  the  propellant  critical  dianeter.  It  would  appear 
logical  to  conclude  that  a  detonation  cannot  be  propagated  in  the  motor. 
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T}ierefore,  the  moL-.ir  detonation  teat  could  be  eliminated* 

Another  intareating  posaihility  ia  a  method  of  ellninatLng  teats 
simulating  confinement,  again  assticning  the  motor  equivalent  diameter  and 
propellant  critical  diameter  are  known.  If  a  relationsW.p  can  be  found 
which  expresses  tt*^  degree  of  canfinerieijt  <n  tens  of  pressure,  mass,  and 
best  lojses,  it  may  be  pojsi''le  to  adjust  Ujt  prop  llant.’s  c'iCical  diameter 
downwards  to  correspond  to  these  conditions  and  to  make  a  cortnarison  with 
the  motor  equivalent  diameter. 

However,  in  act;alit>,  confinement  tests  with  more  than  one  motor 
become  unrealistic  when  considering  large  motors.  Storage  and  handling 
conditions  will  be  such  that  close  confinement  la  the  sense  the  pro- 
oosed  minimum  crivria  will  not  exist. 


A  program  to  verify  the  existence  of  those  or  aq*iL valent  relation¬ 
ships  would  be  expensive.  However,  consider  the  eost  of  corriucting  an 
explosive  classification  test  on  a  50  million  pooad-secands  impailse  motor. 
The  cost  of  such  a  motor  will  be  on  the  order  of  1.0  million  dollars. 
Assuming  corfinement  tests  are  not  required,  the  miaimun  test  cllowed  by 
the  proposed  criteria  is  three  deto'atlQn  tests  and  one  fire  for  a 

total  of  1^.0  million  dollars  ior  hardware  alone.  The  proptUant  weight 
for  such  a  notjr  would  be  in  the  order  of  100  tcos.  A  high  order  detonation 
of  such  a  mass  of  propellant  imposes  severe  real  estate  problens.  Even  If 
only  ignitioo  occurs,  positive  methods  of  restraining  all  of  the  notor 
conponeita  will  require  use  of  elaborate  test  factlitiee. 

In  conclusion,  it  is  hoped  tFat  current  exjdosive  classiflcatloo 
methods  used  by  Vfrlght  Air  Developnent  Center  haws  been  sdeqaately  covered 
and  further,  that  the  need  for  reactions,  rather  than  increases,  in  motor 
testing,  in  the  case  of  large  motors,  has  been  adequately  conveyed. 

Use  of  tb-  concept  of  equivalent  diameter  for  reducing  testing  haa 
Desn  presented  for  tho  purpose  of  stimulation.  Although  the  reasoning  that 
somi*  such  method  can  be  found  is  considered  soxmd,  technical  aubetantlatloc 
of  its  validity  is  not  available.  It  Is  but  one  of  several  possible 
approaches  to  the  problan.  Are  there  any  questloBS  or  esrr.ents  at  this 
point? 

CcptaiTi  Jenldnat  The  Board  has  been  doing  a  eansiderable  am  cunt  of 

work  trying  to  get  uniform  hai-ard  clasmlflcaticn  standards  out.  Before 
any  questions  are  asked  here.  Hi .  Herman  will  glae  some  infOTmation  on  what 
we  have  done,  the  progress  we  have  made  aitd  the  status  at  it  at  the  presmt 
time,  which  might  answer  sene  of  the  dcubts  you  aay  have.  Hr.  Herman? 


Mr,  R.  C.  Herman,  ASESEi  Oentlemaa,  I  am  afraid  that  I  am  respmislble  for 
causing  tfaptain  Clark  *s  dllemraa  up  here  this  morniag.  This  protiwi  of 
hazard  classification  has  caused  considerable  difficulty  ever  since  the 
advent  of  this  rocket  and  missile  era.  The  Board  !iea  attempted  to  develop 
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«  aLa/idai-u  test  criteria  to  cover  these  iteme.  We  worked  for  sore  tiM  on 
t.iis  and  about  a  year  afo,  we  cane  t-p  with  a  rdninum  teat  crlterl.a.  Our 
main  difficulty  was  that  we  realised  the  erst  of  these  largor  unite  but  we 
could  find  no  one  who  co\iH  givj  us  any  inf'orration  at  all  as  to  how  we 
could  get  around  using  a  largo  dZiIb  Wa  contacted  all  the  Services 

and  various  test  apencios  and  everyone  yeo  they  would  like  to  do  it, 

but  they  couldn't  possibly  aae  full  wuHs.  and  '  i;’t  ■dive  us  any  basis 
to  work  on  scale  .-nodels,  so  we  cas»  out  with  a  ntininun  test  criteria  for 
varieus  itens  and  we  put  in  a  ststunent  tnnt,  until  lifonaatloii  w«o 
developed,  we  would  have  to  use  full  scale  items  in  testing  these  large 
ntni-nrs*  Right  awny  eve^rone  said  they  couldn't  do  luj  It  would  coot  too 
BTOCh  money.  Just  ot>aut  ui'e  tlr»e  that  this  was  publi8h<id,  Dr.  Amster  was 
doing  a  good  bit  uf  Us  work.  Ha  hadn't  started  the  tests;  thsy  were 
planned  at  this  time.  Since  that  ties.  Dr.  Anster  has  ret  with  us  several 
times  and  given  us  very  excellent  guidance  and  vr  have  changed  the  criteria 
which  hasn't  actually  been  published  yet.  The  meeting  wad  held  on  the 
2Qth  of  May,  but  we  finally  came  to  an  agreeni  -t  of  using  scale  model  items 
and  the  criteria  for  this  was  based  on  wbat  Dr*  Amster  gave  us>othi8 
equivalmit  diameter,  with  a  length  of  about  3  tlmee  the  dlanetsr.  Everyone 
seemed  to  feel  that  ..'>r  motors  up  to  end  Including  17  inches  diameter,  that 
you  have  a  sufficiert  'rreber  cf  these,  perhaoe  rejects,  the*  coidd  be  used 
lull  size  ar«i  this  '.'oulcui't  u«uaa  any  great  diifieul'cy.  At  oresent  the 
criteria  calls  for  ’'tillzation  of  full  size  motor  up  to  17  inches.  Greater 
than  this  you  will  use  this  scale  model  which  is  s  grain  dianster  equal  to 
the  equivalent  diameter  and  a  length  of  3^  times  this.  The  other  thing 
that  enters  into  this  would  be  a  t'-pe  of  confinement  or  ease  which  would  be 
omuI valent,  to  your  case  thickness  of  the  full  scale  item.  We  ran  into 
further  difficulty,  insofar  as  we  were  trying  o  lump  three  problems  into 
one,  and  I  think  trie  is  one  thing  that  did  t  -  ae  a  lot  of  the  original 
difficulty.  We  have  three  different  types  of  class! fleations  which  ve  are 
trying  to  salve.  One  is  transportatlaa  to  meet  the  requiremnte  of  ths 
IOC.  The  second  is  a  storage  configuration  in  your  depots  and  of  course, 
the  third  la  ynur  elting  or  ueer  type  of  configuration.  Generally  speaking, 
in  the  first  tvn,  you  sre  going  to  have  these  motors  as  separate  Itsais; 
they  won't  be  ctmplete  units  but  will  be  broken  ^own.  Perhaps  your  warheads 
would  be  stored  separatejy  In  most  cases.  So  we  decided  to  tackle  the 
pix>blen  in  this  manner.  Tou  would  first  test  the  Itoas  as  sepaimite  itenu, 
your  motor  separate  from  your  warhead,  to  see  If  you  got  an  exploalon  of 
your  motor  based  upon  a  slightly  ovenalmlng  (by  ■orer"  I  mean  that  the 
IOC  requires  a  priming  by  a  #6  blasting  cap  and  that  you  shall  not  have  a 
detonation  or  an  eTploslon  more  than  SL)Jf  of  the  time).  We  have  taken  the 
attitude  that  we  war.i.  to  be  Just  a  little  better  than  this  in  establishing 
our  classifications,  so  we  have  upped  this  to  an  engineer  special  blasting 
Cap  with  a  30  gram  tetryl  pellet,  and  you  shall  not  hive  an  exploeion  at 
all.  If  you  have  an  exjiloaioa,  this  would  autosatlcally  go  up  to  rlass  9 
Sivl  1C.  If,  on  tho  snail  scale,  jw  do  get  an  explosion,  tlien  you  need  not 
test  any  further  because,  I  think  Dr*  Anster  brought  thlB  out.  If  you  get 
an  explosion  in  a  small  item  you  can  be  sure  you're  going  to  get  it  in  the 
large  Item.  However,  the  converce  is  not  true,  if  you  gat  a  burning  from 
ths  small  Item  with  this  type  of  priming,  we  feel  that  when  you  get  over 
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into  the  user  type  where  yoa  will  have  your  warhead  which  would  of  courae 
pi /e  you  a  prsater  boost,  etc.  and  you  want  to  bo  able  to  have  aona  figures 
to  use  for  siting,  then  you  must  tost  with  your  warhead.  However,  on  these 
particular  user  type  of  testa  there  is  little  minisnai  crltfTia  given.  Wo 
feel  that  these  would  hsre  so  many  variables  it  would  bo  inpos^ble  to  como 
up  with  one  atar'^ord  criteria  and  that/  it  will  be  necessary  to  develop 
criteria  for  t!.«s8  testa  as  you  need  ther.  We  hope  that,  in  the  vory  near 
future,  this  ^d.^l1u«  test  criteria  will  be  made  availablr  to  foa;  w*  aleo 
hooa  and  feel  that  this  isn't  the  last  word  by  any  manner  or  means*  It's 
senethirg  we'ra  going  to  have  to  coratantly  review  anti  levine  as  new 
experience  comes  in.  We  feel  this  will  help  everyone  insofar  as  tits  thres 
Services  will  agree  on  one  test  and  the  Service  that  has  the  basic  original 
design  requirement  ea^i  run  the  test  that  the  other  two  Services  idtl  buy 
'■dthoot  each  Service  having  to  run  a  different  type  of  test.  This  is  our 
prime  objective.  I  hope  tMs  will  answer  some  of  tis)  qn^etians  end  if  there 
are  apy  further  questions  I  will  attsmpt  to  answer  thee  lor  you. 

Dr.  ball:  I  could  probably  talk  all  day  on  this  subject,  but  I  aa  net  going 
to  do  it.  In  the  first  place,  I  am  in  hea''ty  sympathy  with  the  viewpoint 
that  the  three  Services  should  get  an  Integrated  progrea  on  this  matter  of 
hazard  classification  and  that  the  ASSSB  ought  to  ba  the  clsarlrprhcuse. 
Frankly,  aa  of  less  than,  maybe  a  week  ago,  I  know  that  ween't  the  ease. 
Th^re  are  still  missile  contractors  around  here  who  read  in  their  contracts 
that  they  have  the  deteminablon  of  the  hazard  classification  of  the  birds 
they're  working  on  aa  a  paz^  of  their  chore.  Is  thaie  anything  that  can  be 
done  to  speed  this  integratioii  end  at  least  gat  these  folks  that  have  to 
make  recoiHendatlons  on  them  coordinated  with  you  people? 

Mr.  Herman t  Dr.  flail,  I  cannot  answer  tnia  speeifleally;  hoiarrer,  I  beileve 
tSaFTheTTntent  of  this  document,  when  it  la  put  out  by  the  three  Service#, 
will  £.'.<nfer  this.  That  this  will  give  a  firm  miniant  test  criteria  iddch 
would  have  to  be  met.  This  would  have  to  be  up  to  tba  indivtxhial  Service 
as  to  whether  they  would  allow  the  contractor  to  nai  ti«  test  and  aubslt 
Uie  recil'^  to  tham  or  whsther  tha  Sarvices  would  ma  the  teat  at  one  of 
their  own  iadlitien.  For  the  last  several  years,  BaOrd  has  been  con¬ 
ducting  tests  at  HK;  Cahlgren  on  all  three  bervlce  Jtens  that  are  presently 
in  the  jdpeline,  trying  to  gei  It  up-to-date.  But  perhaps  Mr.  Ezxislsy  or 
someone  else  might  be  able  to  answer  your  question  aa  to  whether  this  will 
be  forwarded  on  to  the  contractors  to  utilize. 

Mr.  Endsleyt  Captain  Clark,  check  me  if  I'm  wro^r,  he*  Intivid  to  In- 
tegrate  these  wlramun  criterle  into  the  military  *5  'V  .  icns  which  will 
beccine  a  nart  of  the  contract  which  was  awarded  tc  teat  vi  cv  items*  We 
have  a  little  problem  in  the  user  type  situation  where  a  contractor  la  only 
responsible  for  prod<iclng  an  item  and  he  is  only  reaponeible  for  aeseeelng 
the  hazard  for  that  item  aa  an  end  product.  When  i?;  get  it  Into  a  user 
enviroment,  we  have  a  little  different  problem  altofsther.  Thte  is  idiere 
yo  get  the  increased  donor.  ?taybo  Captain  Clark  has  acnettilrtg  to  add  to 
this. 
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C.ipt.  Clark!  I  might  say  haw  va  hav*  dona  on  Bomarc.  There  we  have  con- 
tr«t«a  out  the  test  to  a  document  which  we  had  Boelnft  write  to  our  re- 
quiranents  because  the  Mil  Spec  wasn't  out  yet.  However,  tLalr  reeponalMllty 
ceases  when  they  have  contracted  for  the  testing;  the  analyels  of  the  data 
will  be  up  Co  WADC  for  the  h!S  phase  and  OOAMA  for  the  production  phase* 

Drj_J&a^;  Let  me  proceed  to  my  nert  comnent  isi  w-'r.  I  don't  really  under¬ 
stand  why  you  folks  worry  about  the  cost  of  nakir^g  a  full  scale  test,  the 
cost  :f  a  ilill  seals  hazard  classification  test,  even  at  ths  Hwd  of  figures 
you're  talking  about,  ia  very  minor  cennared  to  the  cosj  of  am  aborted 
flight*  I  myself  an  suspicioua  of  acale  nodel  testa  because  I  think  we 
don't  know  enough  about  the  scaling  laws.  True,  through  wortc  like  Amster 
has  done,  v^  are  beginning  to  learn  something  about  it  but  I  Just  don't 
believe  we  kr.c.y  tha  scaling  laws,  Iftth  regard  to  your  statement  that  you 
can  shoot  semething  of  a  small  size  and  you  can  t*  sure  that  it  will  alao 
shoot  in  a  large  size,  I  can  quote  you  an  erceptlor  to  that  on  bullet  impact 
work  which  was  done  under  my  Inaediate  supervisiuu  a  few  years  back.  We 
found  that,  except  in  the  case  of  primary  explosives,  if  you're  going  to 
initiate  a  dlsturhanoe  in  a  bullet  Impact,  that  diaturbance  is  going  to  be 
initiated  when  the  bullet  leaves  the  sample  and  not  tAien  it  enters.  The 
mechanien  is  tnat  you  pinch  the  explosive  between  the  proJ*cllle  and  the 
outgoing  wall.  If  you  c«n  j»et  a  successful  shot  on  bullet  Imoact  In  your 
sample,  where  your  bullet  goes  out  the  second  wall,  you  can  scale  that  thing 
up  to  where  the  oullat  stops  inside  and  you’ll  never  stsrt  It. 

Mr.  Herwan«  Of  course  that  type  of  test  would  be  considered  as  a  user  type 
under  this  criteria.  We  are  utilizing  overprimed  ICC  requirements.  Ihls  is 
wiiers  you  wculd  use  tetryl  and  blasting  caps.  I  agree  with  you  that  all 
this  is  very  new.  As  I  said,  a  year  ago  before  Or.  Aaater  ran  these  testa, 
we  had  no  Infcinatlon  but  we  are  attempting  to  cone  up  with  something  that 
we  feel  la  reasoriable.  I  would  like  te  say  one  other  thing  concerning 
hazard  classification)  we  are  not  toe  iatereated  really  in  the  technical 
tern,  whether  it's  a  detonation,  an  explosion,  or  a  dsflagratlon.  The 
prlnary  thing  wa're  interested  In  is  establishing  Fetsard  classification  as 
'dw)  erd  raa>.lt.  It  might  be  a  deflagration,  this  is  true  in  ths  true  sense 
of  the  word,  but  still  if  it  can  blow  out  the  well  or  knock  down  the  house 
or  wreck  the  town,  wt  want  to  know  it.  We  want  to  know  the  ability  of  this 
item  to  do  damage.  We  don't  care  whether  it's  eallsd  aZoraWoraZ. 

Dr.  Ball»  lou  are  quite  right  on  that.  I'm  sorry  I  don't  have  It  with 
me,  but  I  hers  had  in  my  possession  a  picture  of  a  static  range  that  was 
taken  apart  by  s<»ieUdng  that  was  definitely  not  a  detonation,  hot  It  sure 
was  taken  apart. 

Mr.  Herman!  Ae  perhape  you  recall.  Dr.  Amster  made  ths  statement  that  even 
though  K*  could  tell  vou  technically  whether  thie  was  a  dsflagratlc'i  or 
a  detonation  through  these  various  tests,  there  was  vary  little  he  eould 
do  to  tell  you  the  TNT  equivalency  of  this  item.  It  may  be  greater  than 
TUT.  Even  tl’ough  it  might  be  deflagration.  It  eould  be  95!^  of  TUT  and  still 
do  an  awful  lot  of  damage  aa  far  as  property  and  people  are  conoemsd. 
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Dr.  Ball;  My  last  corwient  Is  that.  I*d  like  to  corwend  yonr  vlewiiatn't--that 
what  you  have  to  test  here  is  the  package*  If  you're  shipping*  the  thing 
exposed  is  the  unit  crated.  The  test  should  bo  run  w  Uat  crated  unit  with 
the  disturbing  factor  not  closer  than  the  outside  of  the  container. 

Mr*  Henaan;  Another  thing  on  v.-hich  wc  have  gene  a  little  greater  than  ICC, 
iie  feel  that  the  new  methods  of  shipping  are  i^uLlc  feeonently  in  tracks. 

You  have  an  entirely  different  haeard  when  you  ship  Jy  trucK  than  whan  you 
ship  by  rail.  One  of  the  tests  we  have  included  is  the  sxtenial  fire  test. 

We  take  the  iter,  j^laced  just  as  it  would  be  in  a  truck,  •p  off  the  ground 
on  a  wooden  crib,  scrap  lumber  dumped  around  It,  and  then  maybe  30  or  liO 
gallons  of  diesel  fual  poured  over  It,  to  simulate  an  accident  where  you 
would  iiave  the  stuff  j'jmbled,  where  you  would  have  the  fuel  tanks  ruptured, 
to  see  what  hanpens,  how  long  will  i  t  bum,  will  they  detonate,  bum,  or 
explode.  Just  what  is  the  end  result. 

Dr.  Salli  That's  probably  your  most  significant  test  of  all  because  of  the 
accidental  exposures;  fires  are  much  more  frequent  then  eay  of  the  other 
things.  I  ndght  suggest  one  further  extension  of  this  naekaee  concept;  if 
you  do  find  that  you  can  propagate  explosionns  froo  one  unit  to  another  if 
they  are  in  immediate  contact,  and  you  fail  to  propagate  if  they  trs  separated 
by  one  diameter  or  soF<ethlng  like  tha 'hen  you  ahauld  consider  that  your 
magazine  is  your  package  and  if  the  m.ngszirgi  is  proparly  stowed  It  should 
be  clcss  2,  and  where  impropfly  stowed,  should  be  elsso  9* 

Capt.  Jenkins !  This  gives  you  a  little  insight  on  a  proUea  «•  were  faced 
with  a  year  or  uo  ago.  Originally  we  felt  the  full  s^e  testing  was  in 
Order;  then  there  were  certain  objeotlons  to  the  money,  and  now  wo*ve 
learred  sonething  in  the  paat  year.  I  hope  that  Iji  a  fev  mentho  wo'll  have 
some  kind  of  guidance  out  to  the  Services  to  guide  civilian  industry.  I 
see  Dr.  Amoter  is  here.  You  can  start  asking  him  quettlans  and  Doctor,  you 
can  suppleaient  what  Hr.  Harman  has  said* 

Dr.  Amster;  First  of  all,  I’m  inclined  to  think  the  problem  is  going  to 
solve  itaelf  pretty  soon.  It  has  arisen,  I  think,  because  the  propellants 
which  we  have  been  uaing  and  which  are  in  bulk  prcduetlaa  as  Z  undorstsnd 
it  now,  have  large  critical  diuneters.  The  materials  which  are  being  ex- 
anined  experimentally  have  much  amaller  critical  dismeters  and  mors  closely 
approximate  exploeivee  so  I  think  pretty  soon  it  will  be  poaslhle  to  run 
these  small  scale  teste  and  anply  the  explosive  teofaaelogy  which  we  cannot 
use  now.  I  don't  hare  much  else  tc  mdS  except  a  few  people  have  asked  me 
what  is  a  "detonation."  A  thumbnail  answer,  I  think  Is  worthwhile  bearing 
in  mind.  First  of  all  I  made  a  coment  before  to  sms  one  that  I'm  a  Uttls 
afraid  of  where  the  regulations  we're  worried  about  specify  detonation.  I 
think  maybe  this  word  should  be  changed  and  we  should  say  expLoslon  instead* 
Beoauee  as  far  as  safety  is  concerned,  this  is  really  idiat  we're  worried 
about  in  general.  Detonation  has  a  very,  verr  preeiee  meaning  as  I'm  surs 
most  of  you  know,  and  at  ths  risk  of  repeating  'hat  is  pretty  well  known, 
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I'll  say,  in  my  mind,  whmt  I  me«n  by  a  "detonation*.  If  me  imagine  a  etlck 
of  explosives  or  a  stick  of  anything  with  a  process  beginning  at  one  end 
and  traversing  down  the  length  of  this  stick,  if  this  process  occurs  at  a 
linear  rate  which  is  supersonic  with  respect  to  the  unreactad  material, 
this  is  by  definition  a  "detonation”.  If  it  is  subsonic,  it  is  not  a  deton¬ 
ation.  There  is  another  criterion  which  can  be  used  and  mathematically, 
they  are  equivalent.  Tou  people  watch  yuuT  eiaarsttes  burning;  It  bums 
this  way  and  the  particlee  come  off  in  that  ctira<.;,iui;,  and  the  smoke  goes 
awsy.  If  you  ever  notice  tho  particles  moving  in  the  same  direction  as 
the  flame,  get  out  of  the  way,  it  is  detonating,  when  your  phenomenon 
philosophy  -  I  hesitate  to  use  tiw  word  "shock*  -  well,  lot's  use  it. 
khen  the  shock  velocity  and  the  particle  velocity  are  in  the  sane  direction, 
you  have  a  detonation.  When  the  perticlee  ere  moving  away  from  the  flame 
front,  you  have  a  deflagration.  Both  pbencawna  can  be  c.lasBinad  es  on 
explosion,  which  is  a  general  tera,  and  that  ie  why  I  eald  yesterday,  'dien 
I  was  using  the  word  "detonation",  I  meant  datonatlon  I  did  not  mean  ex¬ 
plosion.  Ckie  other  thing  -  to  a^phaslc:  what  perbxps  I  didn't  get  across 
as  clearly  as  I  meant  to  yesterday.  Certainly,  aa  haa  Just  bean  ntated, 
we  do  not  have  any  scaling  laws  which  permit  us  to  eay  what  the  damage 
is  going  to  be  when  a  large  mlaelle  is  subjected  te  a  shock.  I  don't 
iQiow  that  wa  ever  will,  frankly.  Certainly  in  the  taste  I  discusaed  yes¬ 
terday,  thbse  20"  diametar  things  which  wa  call  "Baauregara"  taste,  and 
have  been  reported  as  such  in  literature,  in  these  tests  we  very  definitely 
leomed,  i  think,  that  the  aiount  of  daaMge  is  a  function  of  a  great  many 
thinga,  including  the  geoaetry  of  the  samplv.  This  in  not  just  diameter 
we  are  talking  about,  it  ia  where  the  charge  is  with  refsrenee  to  the  shock. 
For  exsmple,  the  charges  which  we  did  discusa  yesterday,  if  yon  ramember, 
we  had  a  booster  which  was  20"  l«ng  and  a  cylinder  of  exploelvss  which  vs? 
30"  long,  and  we  got  certain  TIfT  equivalents.  Mow,  whatever  TMT  equivalent 
you  want  to  accept,  I  aaaurs  you  that  if  we  had  doubled  the  length  of  the 
charge,  you  would  hove  gotten  a  much  smaller  TMT  equivalent.  If  you  would 
decrease  the  length  of  the  acceptor  charge,  yon  would  have  gotten  a  much 
larger  TNT  equivalent  because  what  we  have  ia  a  proeeae  where  you  have 
a  fire,  or  deflagration,  or  on  unatabla  shock.  If  you  will,  propagsting 
from  one  end  -  the  end  nearest  the  booster,  and  gradually  decaying. 

New,  obviously  the  contribution  to  the  damage  that  is  done  in  this  process 
is  going  to  depend  very  much  on  the  geometry,  end  until  we  have  some  laws 
about  thle,  we  ere  not  going  to  know  what  to  do.  That  is  why  I  say  that 
if  we  get  into  the  far  more  aeneitive  propellents,  this  is  not  going  to 
be  e  problem  because  they  are  going  to  propagate  whether  you  atert  it 
from  one  end,  or  In  the  middle,  or  perfa^a  i  >  v  feet  away.  I  don't  know 
if  the  latter  la  going  to  bold,  but  the  more  uloeely  we  approximate  explo¬ 
sives  with  our  propellants,  of  course,  the  more  besardous  the  situation 
beecmas.  OD  the  other  hand,  the  more  we  know  —  because  we  know  a  lot 
about  explosives  and  we  don't  about  propellants.  Finally,  I  think  It's 
worthwhile  noting  that  there  was  a  paper  given  at  the  iZP  meeting  in  Quebec 
a  few  weeks  ago  by  John  Kalman  absentia  from  Rohm  k  Kaos,  Redstone,  and  he 
proposed  something  which  I  think  is  well  worth  remamberlng  -  that  arbitrary 
classification  of  propellants,  Class  1  or  Class  9  or  whatever  else  It  may 
be,  is  just  not  going  to  work  beeauss  the  classification  varlaa,  whether 
you're  procetalng  it  or  storing  it  or  using  it.  I  just  don't  think  we 
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can  apply  arbitrary  ciaaairicatlons  and  aay  cataf^orleally  iron  cradle  to 
grave  that  thia  material  haa  auch  and  rueh  a  classification.  It's  just  not 
going  to  work.  That’s  it. 

Capt.  Jenkins;  We  have  time  for  a  couple  of  questions,  ffir.  %rphyT 

Murphy;  I  believe  yesterday  you  referred  to  t -s  criWeal  sphere  and 
daptain  ^ark  this  morning  referred  to  a  critical  right  cylinder  in  his 
investigations.  Are  you  both  talldi^  about  thj  saM  tJdng? 

Dr.  Ar.ster!  We're  talking  about  two  different  pheacKena  I  tfdn^-  The 
critical  sfAere  I  T*aa  talking  about  was  the  self -heating  sohere.  The  data 
can  also  be  report'd  in  t,erms  of  slabs  and  cylinders.  They  don’t  differ 
very  much,  I  think  by  about  a  factor  of  2  if  you're  tailing  about  a  aelf- 
heatdng  experiment.  Critical  diaiaeter  for  exploslan  ie  soiii«thlng  else, 
we  don't  know  yet  what  the  relation  is  between  the  eritieal  size  for  self- 
heating  and  the  critical  size  for  detonation.  This  is  me  of  the  things 
we  hope  to  find  out. 

Mr.  f^rphy;  I  wondered  about  the  gecnetrical  figure.  Doesn't  tSits  mcke 
a  difference? 

Dr.  Awster;  Tea,  it  does.  But  as  far  as  the  self  heating  is  ecneemed, 
this  is  i^at  I  was  talking  about  with  the  sphere.  The  relatioRship  between 
the  sphere,  ycu  see  the  reason  we  can  talk  about  apheres  is  because  you  can 
make  it  a  otw! -dimensional  problem,  matliematleally.  The  sitiiere  you  can 
work  from  the  center  out  and  this  is  the  radius,  and  idierevsr  you  go  the 
only  parameter  which  is  effective  is  tto  radius.  If  yj«i  want  to  turn  it 
into  a  cylinder,  it  has  to  be  a  cylinder  of  infinite  length  so  then  again, 
the  only  variable  paramater  is  ths  radiua  but  there  are  relations  idiluh 
can  be  eatablished  and  they  differ  by  a  factor  of  or  2  for  the  radius 
of  this  infinitely  long  cylinder  and  the  radius  of  the  sphere.  I  dm't 
know  what  the  numbers  were  this  morning,  I  was  a  little  lata,  sons  of  you 
know,  so  I  shouldn't  comment  on  it  here. 

Mr.  Wurphy;  I  understand  the  distinctloi  that  you  Just  pointed  out.  Captain 
Clark 'a  interest,  of  course,  is  in  the  particular  kind  of  model  idtlch  would 
be  suitable  for  determining  whether  a  full-size  grain  would  explode  or 
detonate. 

Dr.  Amater;  Spontaneously,  from  heating. 

Mr.  Murphy;  Not  from  heating.  From  shock. 

Dr.  Amstert  This  is  another  problem.  Then  we  have  to  put  aside  the  sphsres 
and  cylinders  and  slaOs  I've  just  been  talking  about  and  as  yet  we  dm't 
have  any  model.... whore  the  particular  naramoters  are.  It’s  cheaper  at  the 
moment  to  run  the  problem  on  a  bomb-proef  than  m  an  IBt  70U  because  at 
least  we  do  come  out  with  an  answer. 
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Mr.  W.  Wolntraub,  Space  Technolo?;y  Laboratcrlea;  tXDO:  W«  hart  a.  go-round 
wJtn  T)r,  Ball  concerning  this  er^oslvee  classitt-^ation.  One  thing  that 
intsrastad  me  waa  idiat  Clark  said  about  not  attempting  to  test  a  full  scale. 
V/e  are  In  agreement  with  Ball  and  somral  other  associate  Minuteman  con¬ 
tractors  that  it  is  necessary  because  we  do  not  know  the  scaling  laws. 
However.  I  would  like  to  direct  one  qucCt*on  to  Cantain  Clark  and  that  is, 
how  do  you  arrive  at  this  pseudo  or  so-callod  psei.-"*-  critical  'Hwieter? 

Capt.  Clark;  Well,  I  thtnk  ■’.bout  the  best  way,  I  proposed  that  perhaps 
t.bi?  U, 000, 000  dollars  we're  gcdng  to  be  spending  someauy  in  the  future  to 
buy  U»is  .hardware,  if  you'll  notice,  1  hypothesise  and  I  t'-ink  what  we  need 
to  do  is  to  get  in  and  do  sene  basic  research.  It  probably  won't  help  3rou 
at  all,  it's  too  late,  bit  we  need  to  study  the  problem  a  little  more 
theoretically  and  come  up  with  some  experlnente  that  will  either  verify  our 
assumptions  or  prove  them  wrong.  It  is  along  the  order  of  the  work  that 
is  being  duiie  by  Dr.  Amster. 

Mr.  Walntraub:  Aerojet  is  also  conducting  s  milar  erpertments  and  as  far 
as  wo  can  tell,  he  v^ild  also  like  to  conduct  the  full-scale  tost  because 
of  the  fact  that  we're  Ignorant  of  the  sealing  laws. 

Capt.  CWk;  It  is  true,  you're  going  to  have  to  cone  up  with  an  experiment 
which  will  either  prove  your  assumptions  are  cither  right  or  wrong. 

fh*.  Weintraubs  I  agree  with  you,  but  for  the  KLnuteman  program,  it  looks 
like  we're  stuck. 

Capt.  Clark!  Yes,  it  does.  I'm  not  trying  to  sell  you  anything,  I  Just 
don't  want  to  have  to  test  this  thing,  s  bundrsd  ton  grain,  this  is  what 
I'n  trying  to  head  off. 

Mr.  Knitoi  Dr.  Anater,  have  y«ai  tried  to  extrapolate  the  relationship 
of  the  card  gac  and  critical  iianeter  of  your  experiments  to  propellants? 

Dr.  Amster;  We're  beginning  to,  let's  pot  it  that  way.  There  are  some  old 
data  on  critical  diameter  of  explosives  iii  an  OSR  report  dating  from  the 
war.  We  have,  of  course  eve'-yone  thinks  his  own  experiment  is  a  little 
better,  ws  are  beginning  to  get  data  on  critical  diameters  for  explosives 
In  which  we  have  good  Information  other  than  critical  dimeter.  Aa  things 
stand  now,  we  have  three  critical  dianeters  for  each  of  three  explosiveB. 
Unfortunately  there  is  an  inversion  between  the  critical  dianeters  and  the 
card  gap.  But  I  say  three  points  don't  make  a  theory.  We  are  going  to 
need  some  more  data.  IncldentsUy,  there's  ana  thing  I  think  is  good  to 
remember.  In  these  gap  tests,  if  we  want  to  go  ahead,  we  have  to  remember 
what  we're  testing  for.  If  we're  testing  for  detonabillty,  you've  got  to 
design  the  test  with  a  monstrous  booster  and  a  monstrous  acceptor  and  the 
Joke  is  they're  lowering  the  budget  now  by  blowing  the  missiles  up  at  the 
plant  rather  than  down  at  Capo  Canaveral.  Maybe  this  is  what  ws  want  to  do, 
put  a  few  of  these  million  dollar  missllas  into  a  gap  test  to  find  out, 
rather  than  blowing  them  up  at  Canaveral,  bit  what  kind  of  a  blast  is  it 
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that  we  have  to  postulate  we'i'e  nrotectiiw  these  t-Mna*  frrw,  Wi»  h»}  1^00 
or  1700  pounds  of  propellant  and  In  order  to  test  this  profltaliljr,  we  had  to 
put  in  780  pounds  of  Comp.  B,  now  I  aslr  you  where  is  ai^  missile  going  to  be 
subjected  to  the  blast  of  7&C  pounds  of  Ccnp.  B  within  zero  inshos*  If  this 
is  the  kind  of  a  thing  that  we're  worried  about,  let's  not  get  ridleuloos 
about  it. 

Haite;  If  you  can  make  such  an  extrapol^tioa,  I  assume  that  you're 
going  to  then  come  up  with  a  critical  diameter  and  try  that  diameter? 

Dr«  Awateri  This  is  what  we  hope  to  do,  yea.  Not  only  are  we  going  to  try 
and  get  critical  diameters  and  see  if  there  is  a  relationship,  but  also 
thermodynamic  properties,  kinetic  properties,  anything  conceivable,  strictly 
a  "seat-of-the-panta"  program. 

Ml-.  Haite;  One  thing  that  I  mentioned  yesterday.  I'd  like  to  point  out 
that  even  though  you  have  a  limited  manber  of  pronellant  forrulattons  and 
you're  lookinp  for  any  fomulation  that  someone  will  give  you,  I  would  like 
to  point  out  that  your  critical  diameter,  your  card  sap  tests  and  everything 
else,  that  these  numbers  will  vary  undoubt^ly  with  the  nereent  ox  loading. 

Dr,  Awster}  You  mean  the  percent  of  oxidizers,  yzs. 

Mr.  Hai^t  And  also  that  the  density  of  the  bindar  will  have  deflnitsly 
some  effect  here. 

Dr.  Amstert  Undoubtedly. 

Mr.  Haite;  The  high  density  binder,  you  will  not  load  It  as  heavily  to  get 
Irltlation* 

Dr.  Amster;  No  question  about  it. 

Mr.  Kalte;  Thank  you. 

Dr«  Amster;  But  if  somebody  will  send  me  the  samples,  wa'U  give  them  the 
numbers. 

Mr.  Weinuaub;  We  realize  the  fact  that  designing  an  optiaum  booster  would 
probably  iake  up  to  2  or  3»000  pounds  of  Comp.  B  ea  a  large  size  engine. 
However,  it  has  been  suggested  that  perhaps  a  solvtloR  to  this  is  to  deter¬ 
mine  ths  threshhold  at  which  one  of  the  engines  will  go.  In  other  words, 
design  the  boocter  pellet  so  that  you  just  hit  tbs  threeHtold;  Uhat  do 
you  think  of  this? 

Dr.  Amster;  I  think  it's  a  fine  Tncidcnt-ally  to  correct  ycur  3,000 

figure,  A1  Gaylord  arid  I  were  together  trying  to  (fasign  the  test  for  some¬ 
thing  called  the  Polar  Bear.  It  turned  out  we  had  to  pile  two  of  ths  motors, 
one  on  top  of  each  other,  in  order  to  get  a  euitahls  dlMster  ratio.  This 
was  a  conservative  eatlmate,  it  wasn’t  the  booster  that  would  really  do 
the  job,  it  was  the  one  that  was  most  reasonably  eensistent  with  eomense 
and  handling,  etc.  I  think  it  was  about  3?  or  tons  whereas  tbs  one  that 
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that  we  have  to  postulate  we're  protecting  these  things  frcffi,  Ke  had  ISOO 
or  1700  pounds  of  propellant  and  In  order  to  test  this  profitably,  we  had  to 
put  in  780  pounds  of  Conp.  B,  now  I  ask  you  where  is  any  missile  going  to  bs 
subjected  to  the  blast  of  760  pounds  of  Conp.  B  within  «era  inches.  If  this 
is  the  kind  of  a  thing  that  we're  worried  about,  let's  not  get  ridiculous 
about  it. 

Mr.  Haite;  If  you  can  make  such  an  ertrapolation,  I  Assme  that  you're 
going  to  then  come  up  with  a  critical  dli  meter  and  try  that  diameterV 

Dr.  Amstert  This  is  what  we  hope  to  do,  yes.  Mot  only  are  wo  gnlng  to  try 
and  get  critical  diameters  and  see  if  there  is  e  relationship,  taut  also 
thermodynajide  properties,  kinetic  properties,  anything  conceivable,  strictly 
a  "ssat-of-the-panta"  program. 

Mr.  Haltat  One  thing  that  I  mentioned  yesterday.  I'd  like  to  pcdnt  out 
that  even  though  you  have  a  limited  mmoer  of  propellant  formulations  and 
you're  lookinr  for  any  foraulatiat  that  someone  will  give  you,  I  would  like 
to  point  out  that  your  critical  diameter,  your  card  yap  teste  and  everything 
else,  that  these  numbers  will  vary  undoubtedly  with  the  percent  of  loa^ng. 

Dr.  Amstert  You  mean  the  percent  of  oxidizers,  yes. 

Mr.  Hal^t  And  also  that  the  density  of  the  binder  will  have  definitely 
scRs  efiect  here. 

Dr.  Amstert  Undoubtedly. 

Mr.  Haite »  The  high  density  hinder,  yai  will  not  load  It  as  heavily  to  get 
3[!nitiatian. 

Dr.  Amster;  No  question  about  it. 

Mr.  Halts;  Thank  you. 

Dr.  Amstert  But  If  sonebody  will  send  me  the  eanplss,  we'll  give  then  the 
numLars. 

Mr.  Weintramn  We  realize  the  fact  that  designing  an  optinin  booster  would 
probably  iake  up  to  2  or  3,000  pounds  of  Conp.  B  m  a  large  size  engine. 
However,  it  has  been  suggeatad  that  perfaape  a  solution  to  this  Is  to  deter¬ 
mine  tbs  threshhold  at  which  one  of  the  engines  will  go.  In  other  words, 
design  the  booster  pellet  so  that  you  Just  hit  the  threshhold.  wTiat  do 
you  think  of  this? 

Dr.  AiBstert  I  think  it's  a  fine  idea.  Incidentally  to  correct  your  3,000 
.figure,  il  Caylord  and  I  were  together  trying  to  design  the  test  for  soaie* 
thing  called  the  Polar  Bear.  It  turned  out  we  had  to  pile  two  of  tba  motors, 
one  on  top  of  each  other,  in  order  to  got  a  suitable  diweter  ratio.  Thie 
was  a  conservative  estimate,  it  wasn't  the  booster  that  would  really  do 
the  job,  it  was  the  one  that  was  most  reasonabGLy  eonelatant  with  azpenee 
and  handling,  stc.  I  think  it  was  about  3^  or  lik  tone  whereas  the  one  that 
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Mr«  Weintraub:  I  can  underatand  getting  Into  the  internal  portion  of  the 
grain  but  t^en  you  consider  that  we  hare  propellant  nasa  ratios  of  .92, 
etc.,  the  conflnonent  la  almost  nil. 
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would  have  done  the  best  Job  would  have  been  7  tons  of  Coop.  B.  This  was 
oae  of  the  reasons  the  thing  was  cancelled.  I  night  point  oat,  by  'Uie  way, 
that  there  is  one  test  that  is  worthwhile  considering  if  you're  worried 
about  damage.  As  long  as  ws're  wor‘''ng  with  intemel  burning  grains,  it's 
some  tiling  that  can  be  done  and  it  .  selbly  can  be  scaled.  The  worst  possible 
situation  can  be  reproduced  about  as  iullews:  If  you  talte  a  grain  and  load 
the  core  with  high  explosive  and  then  set  cfi  ttii^  ^STilosive  in  some  reason- 
able  fashion,  I  think  the  damage  that  is  going  to  be  dc.e  by  internally 
loading  at  these  very  high  detonation  pressrires,  interrclly  loading  this 
grain,  presumably  it  will  propagate  in  some  fashian.  Whsther  it  detonates 
is  Iranaterial  and  you're  going  to  get  the  maxlnini  ecntrlbution  fron  the 
propellant  that  you  can  possibly  get  under  any  clrcuMstaneee,  and  if  you're 
looking  for  the  worst  test,  this  is  one  that  can  be  done  and  I  think  it 
could  probably  be  scaled.  A  little  eicperienee  could  tail  us  something  about 
this. 


Dr.  Amster;  I  have  not  solved  the  problem  up  here  I  know,  T  iMnk  this 
is  something  ws  might  be  able  to  scale;  we  might  be  able  to  make  some 
smaller  grains  with  a  little  larger  hole  in  it.  Thia  ia  going  to  make  it 
worse,  of  course;  the  bigger  hole,  you  put  bigger  explortve  in  it,  and 
consequently  the  remaining  propellant  is  going  to  do  more  danage.  This  is 
ths  worst  case;  maybe  we  don't  want  the  worst  ease. 


Capt.  Jenkins;  The  material  this  morning  is  packed  with  such  ♦il  in- 
fontation,  each  topic  could  take  a  whole  day.  If  we  hare  any  tiira  this 
afternoon  we  might  get  back  to  some  more  of  these  questions.  If  not.  It 
night  be  possible  to  have  a  discussion  group  on  soeie  oarticular  subject  or 
problaa  in  which  you  people  are  particularly  interested  tonorrow  morning  if 
you're  not  making  the  to-ir.  We  can't  dwell  any  longer  on  tills.  Dr.  Amster 
will  be  up  at  NGL^  we  might  make  arrangements  for  yon  people  who  are  going 
up  there.  He's  going  to  be  at  the  JAK4F  meeting  next  week,  and  sssis  cf 
you  may  be  there.  I  do  have  a  little  time  before  lunch,  Itr.  Saffian. 


Mr.  L.  W,  Saffian,  Plcatlnnr  Arsenal;  First,  by  way  of  introduction,  baaed 
on  what^s  been  said  here  in  previous  talks  I  feel  I  should  say  something 
concerning  this  general  problem  of  scaling  laws,  which  is  2bll  scale  testing. 
We  feel  at  Pieatinny  that  we've  learned  quite  a  bit  about  scaling  laws  and 
in  any  case,  the  only  way  to  e^rentually  get  away  frow  large  scale  testing  is 
to  continue  work  on  the  development  of  scaling  laws.  Secondly,  I'd  like 
to  say  that  most  of  the  presentations  that  have  been  givwi  so  far  have 
dealt  primarily  with  the  initial  detonation  or  exploelon  ur  deflagration 
or  whatever  you  choose  to  call  it.  uur  woxic  is  essentially  concerned  with 
prevention  of  the  second  and  third  and  fourth  dstenatioo  once  the  first 
one  lias  occurred. 
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ESTASLISHUEHT  OF  SAFETT  DESIGN  CRITEaiA 
FOR  HIC^-QIERCr  PflOPEIZJlRT  UANUFACTURdG 
AND  STORAGE  FACILITIES 


Picatlnnjr  Arsenal  Is  engaged  in  a  broad  prog^aa  aijzsd  at  aatabllehasnt 
of  more  realistic  safety  design  criteria  for  explosive^:  oanufaeturlng  aud 
storage  facilities.  We  consider  the  tens  "es^IosiYe*  to  mean  ai^  material 
which,  under  certain  conditions,  will  sustain  a  hig|i  order  detonation  and 
is  therefore  potentially  capable  of  propagating  aetonation  in  adjacent 
systems  in  idiich  it  Is  contained;  consequently  we  must  consider  including 
in  this  categoiy  many  of  the  new  hi^-energy  propellants  already  developed, 
and  those  to  be  developed. 

Test  ioethods  currently  employed  for  deteralning  sensitivity  and 
detonabillty  of  h:igh  energy  propellants  used  in  our  missile  synteiiui,  and 
data  obtained  by  these  methods,  are  of  value  up  to  a  point,  but  they  do  not 
give  a  complete  quantitative  picture  of  the  potential  large  scale  behavior 
of  these  materials  in  their  actual  environments.  The  usual  laboratory  tests 
on  sensitivity  to  Isgtact,  heat,  and  electro-static  discharge  are  useful  in 
indicating  to  the  researcher  the  gmeral  nature  of  e  propellant  eoiq>08ition 
and  giving  him  some  idea  as  to  ths  hazards  involvsd  in  its  handling.  Othsr 
coamon  methods  of  tasting  are  based  on  attempting  to  detonate  the  material 
in  question,  either  unconfined  in  a  cardboard  container  or  confined  in  a 
heavy  wall  pips,  by  meano  of  a  booster  charge  or  fragment  impact.  Reaulta 
of  tests  of  this  type,  which  are  conducted  with  larger  quantitiea  of  material 
(roughly  1/4  <>:  a  potud  to  100  pounds)  and  under  more  realistic  conditions 
than  laboratory  teats,  are  significant  in  that  thay  indicate  the  relative 
detonability  of  different  propellants  in  terms  of  such  paraiaetere  «  adJilJiaa 
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size  of  booster  charge  required  to  producs  a  stable  ttetcmatioa,  anti  adniaun 
charge  diameter  (critical  diameter)  required  to  snataia  detonation.  Tests 
have  also  been  conducted  with  actual  end  itesis  (ocstiHrs  with  assesilxled 
warhead  or  other  high  explosive  initiator)  detenine  such  factors  as 
order  of  detonation  of  the  motor,  contribution  of  pnqicllant  detonation  to 
total  blast  produced,  and  general  fragment  effects. 

Picatlnny  Arsenal  recognizes  the  value  of  the  aforewentloned  tests,  which 
need  not  be  detailed  any  further  in  tliis  preseatatiao.  4a  a  matter  of  fact 
a  stepwise  method  for  establishing  hazard  classlficaticns  of  propellants 
recommended  iii  one  of  our  recetti  technical  reports^,  is  baaed  on  such  tests, 
xt  is  essential,  however,  to  recognize,  also,  the  limitations  of  these  tests, 
particularly  where  the  designer  of  propellant  manufacturing  or  storage 
facilities  is  concerned.  In  order  to  fully  appreciate  these  limitations, 
we  must  consider  the  objectives  of  the  designer  which  are,  broadly  speaking, 
the  prevention  of  propagation  of  e:q}lo3lons  and  prenniioa  of  struetoral 
damage  in  cases  where  such  damage  may  cause  injury  te  aperating  personnel 
anchor  very  coetly  equipment.  In  order  to  acconq)! isji  these  objectives  in 
a  practical  manner  (i.e.  without  resorting  to  eztecaise  large  scale  tasting) 
and  with  confidence,  the  designer  must  have  at  his  disposal  a  reliable  basis 
for  quantitatively  predicting  the  large  scale  behavior  of  the  propellant 
under  consideration  in  enviroments  varying  from  wly  muufacturing  stages 
(s.g.  a  mixing  vessel)  to  the  end  item  (e.g.  missilea  stored  at  a  launching 
site) .  This  must  be  done  in  terms  of  such  factors  as  jaropellant 
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sensitivity  to  blast,  and  sensitivity  to  fragpient  inpact,  trhlch  in  turn,  detenoina 
quantity  distance  relationships  and  barricade  design  criteria  for  a  particular 
propellant  or  class  of  propellants.  IKhen  corwidsrtd  in  this  light,  it  la  clear 
that  results  of  tests  such  as  those  previously  awnticred  oannot  bo  used  directly 
for  design  purposes,  nor  can  they  be  used  in  a  design  equr.tiuu.  For  example,  if 
we  establish  that  propellant  X  requires  a  l<l^n^mllnl  booster  charge  of  100  grams  of 
tetryl  to  detonate  high  order  and  propellant.  T  requires  a  ml  nlmmn  of  200  graais  of 
tetryl  under  the  same  conditions,  we  can  say  that  propellant  X  is  twice  as  sen¬ 
sitive  as  propellant  Y  'inder  those  particular  conditions,  when  sensitivity  is 
expressed  as  minimum  size  of  booster  required.  If,  however,  we  wish  to  »xpreaa 
sensitivity  in  terms  cf  minimum  blast  pressure  or  nri  n^^mlm  kinstiu  energy  required 
to  cause  high  order  detonation,  which  are  major  factors  in  defining  quantity- 
distance  relationships,  about  all  we  can  say  based  on  booster  sensitivity  is 
that  under  the  same  conditions  the  pressure  and  kinetic  energy  required  will  be 
highei'  for  propellant  T  than  for  propellant  I;  the  booeter  sensitivity  ratio  of 
2  has  no  quantitative  meaning  in  this  respect.  In  other  words,  the  primary 
significance  of  the  previously  mentioned  tests  is  that  they  permit  gross  class¬ 
ification  of  propellants  into  such  categories  as  (1)  not  mass-detonating,  (2) 
aass'^ietonating  under  certain  very  specific  conditions  only,  and  (3)  rasa- 
detonating  over  a  wide  range  of  conditions,  as  well  as  a  qualitative  ordering  of 
the  mass -detonating  materials  in  terns  cf  relative  sensitivity.  For  the  designer 
of  facilities  involving  a  propellant  which  has  been  shown  to  be  aass-detonat.lng, 
this  is  only  the  begLmiag. 

In  line  with  the  previous  discussion,  the  Picatinny  safety  design  criteria 
program  has  been  divided  into  three  major  phases  which  wiU  now  be  discussed 
separately  in  terms  of  completed,  current,  and  planned  studiee. 
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Phase  1  deals  with  establishment  of  realistic  ^lantitj-dlstancft  relation¬ 
ships  for  prevention  of  sympathetic  detonation  (i.e.  propagation  due  to  pure  blast 
effeccs).  The  bulk  of  this  work  has  been  coo^leted^,  and  has  resulted  in  the 
establishment  of  a  method  for  deriving  a  quantity-dis.  jhcc  relationship  for  any 
mass-detonating  material,  to  be  used  for  prevention  of  ^nnsrethetic  detonation. 

The  general  equation  proposed  is  shown  in  Slide  1.  aod  is  based  on  correlation  of 
available  data  and  relationships  reported  by  various  iavestlgators.  It  has  been 
found  to  hold  fairly  well  for  donor  charges  of  varioos  e*pT*.i.i¥«s  ranging  from 
1  to  25O5CXX)  pounds  in  weight.  This  equation  accounts  for  tie  various  factors  la 
sdiition  to  weight,  (i.e.  degree  of  confinement,  growl  reflection,  ceplosive 
composition,  and  shape)  which  affect  the  peak  pressure  blast  ouLput  of  a.  donor 
charge.  This  is  accouplished  by  means  of  the  various  coefficients  indicated  which 
refer  the  actual  dorior  charge  weights  to  a  set  of  standard  conditions.  The  factor 
K;  Uier-efnrej  Is  a  ennstant  for  each  explosive  depending  oaljr  on  its  sensitivity 
to  blast  (i.e.  considering  the  explosive  in  the  role  of  an  acceptor  charge). 

Each  K  value  corresponds  to  a  particular  peak  pressure  idiich  is  the  minlHun!  blast 
pressure  required  to  cause  syn5)athetic  detonation.  It  *ould  be  noted  at  this  polnc; 
that  the  cube  root  law  correlation  and  the  method  of  danor  weight  aetjustment  em¬ 
ployed  are  consistent  with  the  assumption  of  peak  pressure  as  the  criterion  cf 
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explosive  blast  output.  The  factor  K  for  a  particular  material  can  be  determined 
by  a  .‘’eries  of  small  scale  tests  in  which  different  weights  (e.g.  1-lOC-  pounds) 
of  bare  spherical  TNT  charges  held  sufficiently  hi^  above  the  ground  so  that 
gro'jnd  reflections  may  be  considered  negligible  (i.e.  ?s,  F®,  and  Fy  each 

equal  1)  are  detonated  at  varying  distances  from  an  acceptci-  cnarge  of  th.. 
material  In  question.  A  logarithmic  plot  of  the  najclmum  a_3tance  at  which  sym¬ 
pathetic  detonation  occurs  versus  corresponding  donor  weight  should  give  a 
straight  line  of  1/3  slope,  the  intercept  of  which  on  the  distance  axis  is  equal 
to  K.  Concerning  the  donor  weight  adjustment  factors,  a  considerable  amount  of 
information  relative  to  these  factors  is  available  in  the  literaturer'*  ^  which, 
although  it  is  based  on  tests  conducted  with  bursting  charge  explosives  (e.g. 

TNT,  Composition  B,  CongDOsItion  0-3) »  should  be  largely  applicable  to  a&aa- 
detonatlng  propsllants  (with  the  obvious  exception  Of  the  explosive  composition 
coefficient).  In  cases  where  coefficients  must  be  detencined,  or  it  is  desired 
to  check  existing  methods  for  calculating  coefficients  this  can  be  accomplished 
by  appropriate  small  scale  tests.  For  ex-unple,  the  composition  coefficient,  Fg, 
for  a  new  mass-detonating  propellant  X  could  be  determined  by  the  method  outlined 
schematically  in  Slide  2. 

Slide  3  illustrates  what  can  be  done  with  the  proposed  quantity-distance 
relationship  for  sympathetic  uetonation.  First,  it  shows  a  logarithmic  pint  of 
the  available  test  data  relative  to  occurrence  of  sympathetic  detonation.  The 
effective  donor  weights  rangLig  from  3  to  450,000  pounds  wore  calculated  by 

US,  Naveil  Ordnance  Laboratory  Report  2986;  E.ll.  Flaher;  Explosion  Effects 
Data  Sheets;  October  1955* 

^  EaUistics  Research  Laboratory  Report  681;  T.  Sperazza,  et,  al.;  Comparison  of 
the  Blast  from  Explosive  Charges  of  Different  Shapes;  January  1949. 
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adjusting  the  actual  donor  wights  (1  to  250,000  pounds)  by  the  inethods  prej- 
vtousl,''  described.  The  plotted  distance  corresponding  to  aiyr  indicated  charge 
weight  approaches  the  najcimuin  distance  at  which  syn^sathetic  detonation  would  occur 
with  that  chargej  or,  conversely  the  plotted  donor  charge  weight  corresponding  to 
any  indicated  distance  approaches  the  mininaim  weight  neeescary  to  produce  sym¬ 
pathetic  detonation  at  that  distance,  43  would  be  e3q)ectec.,  the  plot  shows  a 
region  in  the  weightr-distance  plane  where  sympathetic  detonation  has  ru>t  occurred, 
A  straight  line  drawn  to  separate  the  region  of  non-occurrenre  of  sjyipathetic 
detonation  from  the  region  where  syiqsathelic  detonation  does  occur,  (i.e,  the 

lowest  line)  has  a  slope  of  approximately  1/3  and  corresponds  to  the  equation 
1/3 

djj  -  3»1  V/g  and  a  peak  pressure  of  100  psi,  This  is  a  gross  separation  based 

on  the  most  sensitive  expLisive  indicated,  i.e,  dynamite.  Of  course,  the  methods 

previously  described  could  be  used  to  establish  a  family  of  such  lines,  one  for 

each  mass-detonating  propellant,  depending  on  its  sensitivity.  The  heavy  line 

shown  immediately  above  the  sympathetic  detonation  boundary  corresponds  to  a 

1/3 

pressure  of  30  psi  and  has  the  equation  dg  s  5  We  »  where  dg  denotes  the  pro¬ 
posed  minimum  safe  distance  for  non-occai'-rence  oi  sympathetic  detonation.  This 
line  cctistii.utes,  in  effect,  the  application  of  a  safety  factor  of  1.6  to  the 
maxiaum  distances  at  which  sympathetic  detonation  can  be  expected  to  occur  (or  a 

factor  greater  than  3  based  on  mLnimum  peak  pressure  required).  Also  shown  on 

1/3 

Slide  3,  are  the  two  broken  lines  dg  =  15  W®  (uppermost  line)  representing 
present  intrallne  quantity-distance  regulations  for  Class  9  and  ID  e(xplo3lve8, 
auid  dg  r  9^®^^  representing  Class  9  and  10  magazine  quantity-dlstancos.  A  glance 
at  the  position  of  these  two  lines  relative  to  the  syapathetic  detonation  boundary 
and  the  line  representing  the  proposed  quantity-distance  relationship,  indicates 
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the  excessive  conservatism  Inherent  in  the  present  regulations,  with  respect  to 
prevention  of  synpathetic  detonation.  Slide  k  lists  the  equations  of  the  lines 
just  discussed  and  their  corresponding  peak  pressures.  This  shows  (Item  1) 
that,  according  to  the  data  accumulated  a  minimum  peak  pressurt;  of  the  order 
ox  100  psi  must  be  produced  at  an  acceptor  charge  ixi  oraoi  to  produce  sy>"p4tbetic 
detonation  (in  fact  individual  values  ranged  as  high  ac  ?.000  psi).  This  ia 
in  contrast  to  present  magazine  2Uki  Intrallne  regulations,  which  are  apparently 
based  on  the  premise  that  mi nlmum  pressures  as  low  as  9  psi  (Item  3)  and  3*7 
psi  (Item  if),  respectively,  produce  sys^Tathetlc  detonation.  On  this  basis  the 
proposed  quantity-distance  relationship  (Item  2)  is  considered  to  be  entirely 
justified.  A  comparison  of  the  various  equation  constants  indicates  that  the 
proposed  quantity -distances  represent  a  3~fold  reduction  In  present  Intrallne 
distances  and  axi  approximate  2-fold  reduction  in  present  magazine  distances, 
even  though  they  incorporate  a  safety  factor  of  1.6  as  compared  to  maxiiinm 
distances  at  which  sympathetic  detonation  occurred.  Furthermore,  although 
present  intraline  and  magazine  distances  aro  based  on  a  cube  root  quantity- 
distance  equation  these  relationships  give  no  consideration  to  factors  affecting 
the  output  of  a  denor  charge  ether  than  weight.  The  significance  of  this  is 
shown  in  Slide  5  which  is  a  suBaary  of  calculations  made  by  the  meUtud  pre¬ 
viously  mentioned  to  arrive  at  effective  weights  of  a  10,000  pound  donor  charge 
detonated  under  a  wide  range  of  conditions,  and  corresponding  safe  distances 
obtained  from  the  proposed  quantity-distance  relationship.  We  have  aaaumed 
a  cylindrical  shape  for  the  charge,  corresponding  to  a  shape  correction 
factor  (Fj)  of  1,25,  As  indicated  at  the  left  of  the  table,  various  explosive 
eompoaitloow  were  considered,  corresponding  to  composition  correction 
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factors  (F^)  ranging  from  1.0  for  TNT  to  1.2?  for  H-6.  Across  the  top  of  the 
tabJa  are  assumed  correction  factors  (F^)  ranging  from  1*5  to  2*0,  for  various 
degrees  of  ground  reflecticn,  and  for  each  of  these  reflection  coadltions, 
correction  factors  (Fg)  ranging  from  0,6  w  l.?T  for  varioua  degrees  of  confine¬ 
ment  are  Indicated.  The  calculated  values  of  exfective  dcuor  charge  eeignts 
range  from  12,500  pounds  tc  40,600  po'.nds  with  corresponding  safe  distances  of 
116  feet  and  172  feet,  respectively.  According  to  presen'^,  Intralina  regulations, 
the  explosive  weight  would  be  taken  as  10,000  pounds  and  the  corresponding  safe 
distance  as  400  feet,  regardless  of  the  widely  varying  conditions  indicated. 

Although  our  Phase  1  studies  relating  to  sympathetic  detonation  are 
essentially  completed,  some  additional  refiiiements  .rould  be  desirable  and  are 
planned  for  future  study.  For  example,  two  factors  fdiicfa  have  yet  to.  be  taken 
into  account  are  (1)  effect  of  acceptor  casing  on  sensitivity  and  (2)  effect 
of  types  of  ground  upon  ground  reflection  (the  previously  asntioaed  accounts 
for  ilnight  of  donor  charge  above  ground  but  not  for  dlffin*etit  types  of  ground). 

Phase  H  of  our  program  deala  with  the  effects  of  fragment  Impact  in  causing 
high  order  detonation  in  an  explosive  charge,  and  related  aafety  deeign  criteria. 

A  major  portion  of  this  work  has  been  completed^,  and  liae  reaulted  in  the  eatab- 
llshment  of  a  method  for  predicting  the  vulnerability  to  high  order  detonation 
of  an  exploeive  system  (or  vulnerability  to  mass  detonation  of  adjacent  ei^loaivs 
systems)  in  terms  of  geometry  of  the  system  (o.g.  «aq>loaive  wmlght/caslng  ratio, 
casing  thieknaes)  and  explosive  properties  (e.g.  output  and  sensitivity),  lha 
method  is  baaed  on  correlation  of  various  relationships  developed  )aif  British  and 

^  Plcatinny  Arsenal  Technical  Report  0B-1R:  6-59;  E.  M.  tindner;  Bstablishment  of 
Safety  Deslai  Criteria  for  Use  in  Engineering  of  Exploeive  Fadlitlee  and  Qperationa- 
Report  Ho.  2;  Detonation  by  Fragment  Impact;  (to  be  published). 
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u.  S.  invest J^atora  as  a  result  of  theoretical  studies,  conflroatory  tests,  and 
actual  experience.  Although  the  actual  teats  and  data  relate  to  so->called  con¬ 
ventional  Goununitlon  items  containing  standard  explosive  fillers  (e.g.  HlIT, 
EOX/TNT),  the  relationships  ehich  Kill  now  be  djeeussed  are  entirely  applicable 
to  the  newer  high-energy  propellant  systems  for  prediction  of  sensitivity  an(^or 
mass-detonabillty.  These  relationships,  udiich  are  detailed  in  one  of  our  forth- 
coming  technical  reports  ,  are  presented  acfaematlcaUy  on  Slide  6.  Ibis  shows 
the  factors  which  must  be  considered  for  axy  explosive  sywrem  in  either  a  donor 
or  acceptor  role.  As  indicated  by  equation  (1),  an  output  constant  (E*)  must 
be  established  for  the  donor  material.  Although  values  of  this  constant  are 
available  in  the  literature  for  the  well-known  e:q>losives  such  as  TNT  and 
RDX/vn  ,  values  for  mass  detonating  propellants  would  have  to  be  established 
experimentally.  This  could  be  readily  accomplished  by  a  series  of  small  scale 
tests  in  which  cased  propellant  saaples  of  various  (JE/C)ratlo8  are  detonated  and 
corresponding  fragment  velocities  measured.  The  output  constant  is  readily 
obtainable  from  a  plot  of  (Vo)  vs.  {i/O)  lu  accordance  with  relationship  repre¬ 
sented  by  equation  (1).  <>  The  ether  constant  of  Interest  with  respect  to 

the  donor  charge  is  (B)  in  equation  (2).  This  equation  as  represented,  is  a 
special  case  of  a  general  equation  which  can  be  used  to  calculate  the  number  of 
fragments  in  any  pir^lcular  weight  range  produced  by  detonation  of  a  cased  charge. 

•7 

Op.  cit.  Plcatinny  Arsenal  Technical  Report  DJ&>TR>  6-$9 
®  Op.  cit.  HOL  Report  2986 

^  R.  I.  Hott,  A  Theory  of  Fragaentation.  AOR  Group  Memo  113  (British) 
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Values  of  (B)  for  TNT  and  varlouc  other  ~wll  liioim  eaq>loainw  ar«  avsilabls.^ 

For  vass-detonatxng  propellants  this  value  could  be  detandaed  bj^  a.  sarles  ot 
small  scale  teats  Kith  cased  charges  of  various  gaoastrissji  in  sfclclt  flragasat 
patterns  are  deteroined  and  a  plot  of  tho  Hata  nede  1a  aceordaoee  with:  th* 
relationship  schematically  represented  by  aquation  (2).  Cuaideriag,  xm,  aa 
explosive  system  uhich  Is  a  potential  acceptor,  oquailoo  Ol)  ittlisatM  tiiat  an 
exploslvb  sensitivity  constant  (Kf)  must  be  astabllabed  for  th«  acceptor  axploaive. 
As  in  the  cases  of  the  other  constants  previously  discussed,  values  of  this  con¬ 
stant  are  available  for  some  of  the  well  known  explosives  saeii  as  WT  afxl  9SS/TST 
mixtures^.  For  a  mass-detonating  propellant  the  (|^)  value  could  be  established 
by  a  plot  of  (Vg)  vs.  f  (tg)(m)  in  accordance  with  equation  (3}>  A  siiq>ls  method 
of  obtaining  the  necessary  data  would  be  to  fire  individual  ibmgmania  of  known 
mass  against  propellant  charges  with  various  degrees  of  casing,  and  deterndnlng, 
for  each  charge,  the  velocity  of  a  given  fragaent  reonirsd  to  produce  hlgji 

order  detonation. 

Sow  mention  should  be  made  at  this  point,  of  the  critical  diameter  factor. 

For  the  bursting  charge  ejqsloslvee  (TUT,  Coa^sltion  B,  BBC,  etc.}.,  thin  diameter 
la  so  small  that  It  generally  does  not  have  to  be  considered  la  taTirfng  about 
mass-detonation  relational- Ips,  i.e.  aqy  eiqjloslve  system  ef  practical  Intwwst 
(e.g.  shell,  warhead,  reaction  vessel)  would  have  a  diameter  greater  tham  critical, 
and  therefore  be  potentially  nass-detonating.  A  high  energy  prepellaat,  on  the 
other  hand,  nay  be  capable  of  high  order,  detonation  only  whom  charge  dlmnatera  are 

Op.  clt.  AOR  Group  Mew  113  (fik-ltlsh) 

^  The  Sensitivity  of  High  Bcploelves  to  Attack  br  Steel  rrnrawita.  Atve  Technical 
Note  T2/L9/AVF  (British) 
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relatively  large.  Of  course.  If  the  critical  dianater  is  larger  than  anything 
that  v<ould  be  encountered  in  any  In-procesa  or  end-item  situation,  the  propellant 
can  be  considered  to  be  non-mass-detonating  for  practical  purposes.  It  may  be, 
hoeever,  that  the  critical  diaiBeter  of  a  material  is  less  than  diameters  en¬ 
countered  in  actual  large-scale  situations,  but  still  larg<«  cncugh  to  present 
problems  with  respect  to  small  scale  tasting.  In  most  ca.es  of  this  sort,  use 
of  large  test  charges  could  be  avoided  by  using  small  charges  which  are,  in  effect, 
brought  above  the  critical  diamater  by  means  of  very  heavy  confinement.  For  exas^le 
in  obtaining  test  data  for  determination  of  (E^)  in  equation  (3}»  Slide  6,  the 
acceptor  charges  could  be  made  up  of  small  cylinders  of  the  propellant  in  question 
with  a  thick  metal  casing  (l.e.  several  inches)  around  the  cylindrical  portion 
but  with  ends  exposed.  Plates  of  vsurious  thickness  would  be  butted  flush  against 
one  end,  and  fragments  fired  against  these  plates  in  a  direction  parallel  to  the 
longitudinal  axis  of  the  charge.  The  plate  thickness  would  be  (t^^)  in  equation  (3)« 
Once  the  various  esq^losive  convtant.M  hnen  sstsblisbed,  and  knowing  tbs 
/verall  geometry  and  dimensions  of  an  ejqjlosive  system,  it  can  be  seen  from  Slide  6 
that  a  reasonably  reliable  prediction  as  to  its  vulnerability  to  high  order  deton¬ 
ation  by  fragment  impact  (or  Its  potential  ability  to  contribute  to  propagation 
of  an  explosion  whsn  considered  in  relation  to  any  specific  environment  of  adjacent 
explosive  systems)  can  be  made  by  a  straightforward  series  of  calculatlona.  Thus, 
for  a  particular  donor-acceptor  situation,  (7^)  and  (m)  are  first  calculated. 

Since  the  equations  are  based  on  the  assuiqjtion  of  cylindrical  cased  charges  (l.s. 
constant  cross-section)  this  will  often  require  consldermtlon  of  the  donor  in 
sections  in  such  a  way  that  equivalent  cylinders  can  be  constructed,  having  average 
wall  thickness,  average  charge  diameter,  and  the  same  (E/C)  ratio  as  the  actual 
section.  After  calculating  (Vg)  and  (m)  for  each  section  the  corresponding  values 
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of  (V3)  are  calculated,  aaaumlng  impact  at  the  thimeat  portioB  of  the  acceptor 
casing  (i.e.  the  moat  severe  condition).  It  is  also  aaaamed  that  the  acceptor  is 
In  very  close  proximity  to  the  donor  (again,  the  most  aevere  condition)  so  that 
fragments  strike  the  acceptor  at  their  maxIiTJ  velocity  (Vq),  i.e.  there  are  no 
velocity  loaaes  which  would  increase  with  increasing  distaoee  fron  the  donor. 

As  shown  in  slide  6,  therefore,  we  iu.Te  established  the  ratio  (V^/Vg)  as  a 
criterion  for  predicting  the  gross  mass-detonability  characteristics  of  sjqslosive 
systems,  including  those  containing  the  newer  high  energy  propellants  which  are 
of  greatest  current  Interest. 

Slide  7  shows  a  comparison  of  the  vulnerability  to  mass  detonation  of  a 
number  of  standard  shell,  as  predicted  by  the  methods  Jnst  described,  and  as 
stated  in  the  Safety  Manual  (i.s.  idiether  or  not  the  item  is  In  Clasa  10). 

It  can  be  seen  that  the  general  agreement  is  quite  good.  Fnrthemore,  in  at 
least  one  of  the  cases  of  disagreement,  the  240um  shell,  it  is  probable  that  the 
predicted  result  is  correct. 

The  primary  objective  of  our  current  Phase  II  studies  is  very  briefly 
expressed  by  equation  (4),  Slide  6,  which  represents  a  major  rnfincBeni  of  the 
fragment  Impact  relationships  discussed  thus  far  since  it  would  permit  calculation 
of  safe  distances  for  prevention  of  propagation  by  fragmaob  iaipact.  This  work  is 
also  aimed  at  further  refinements  of  the  relationship  r  Jisreoentod  by  equation  (4)i 
such  as  probability  factors  (e.g.  striking  probability  of  fngpKtts}  which  would 
permit  reductions  in  design  distances  depending  on  the  degreo  of  riafc,  if  any, 
that  can  be  tolerated. 

Phase  in  of  our  program,  which  will  bo  initiated  in  the  very  near  future, 
will  relate  to  structural  design  criteria  for  barricadsu,  sitetantial  dividing 
walls,  and  other  protective  stxnictures.  Sosie  of  our  thoughba  alrag  tiiese  lines 

120 

UNCLASSIFIED 


liNCLASSIFIED 


may  be  of  interest.  It  should  be  stated,  first,  that,  as  might  be  espocted, 
our  studies  to  date  have  conclusively  indicated  that  fragment  impact,  rather 
than  blast,  is  the  major  factor  influencing  the  propagation  of  eoqtloslons,  and 
has  much  more  far-reaching  effects  in  this  respeot.  .Secondly,  blast  and  frag¬ 
ment  effects  should  be  consldei-ed  separately  with  respect  to  their  contribution 
to  potential  propagation.  Correspndlngly,  the  design  of  barricades,  substantial 
dividing  walls,  and  other  protective  structures  should  be  based  on  individual 
consideration  of  these  separate  effects.  In  view  of  the  i<>latlve  Ijiportance  of 
missiles  in  causing  propagation,  barricades  should  be  designed  primarily  to 
protect  explosives  against  the  impact  of  missiles  (althou^  any  resultant  con¬ 
tribution  of  the  barricade  to  blast  protection  may  be  incorporated  as  a  further 
reduction  in  blast-propagation  safe  distance).  Substantial  dividing  walls 
between  operating  bays  should  also  be  designed  to  protect  against  missiles  but, 
in  addition,  should  provide  the  required  additional  protection  against  propagation 
by  blast  in  those  cases  where  two  bays  must  be  jeparatad  by  a  distance  less  than 
that  given  by  the  proposed  quantity-distance  relationships.  It  should  be  noted 
that  these  quantity-distance  relationships  may  have  to  be  modified  for  application 
to  cases  where  explosive  material  is  distributed  within  a  bay  instead  of  being 
centrally  located  since  the  former  e^^losive  arrangement  may  not  represent  a 
true  mass-detonating  situation.  It  should  be  noted  that  severe  structural  damage 
to  buildings  and  facilities  may  be  expected  in  an  installation  separated  from  the 
origin  of  an  explosion  by  a  distance  in  accordance  with  the  proposed  blast-propagation 
safe  distance,  as  is  borne  out  by  results  of  studies  which  indicate  that  peak 
detonation  pressures  of  the  order  of  30  psi  (basis  for  the  proposed  bIa8t<^opagatlon 
protection  distances)  will  cause  very  destructive  effects.  The  major  factors  to  be 
considered  in  determJnlng  the  need  for  designing  to  protect  against  structural 
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dama^.e  are  eccnazics,  replacement  lead  time,  and  {Mrsonnal  exposure..  MLth 
respect  to  economics,  an  installation  which  would  withstand  a  blast  pressure 
of  30  psl,  would  be  excessively  costly  to  build  and  uight  very  lltely  be  con¬ 
siderably  more  than  twice  the  cost  of  a  simlcr  ^nstallatioa  which  Is  not 
designed  to  withstand  such  structural  damage  (i.e.,  even  L-;  the  event  of  comr* 
plete  detonation  of  the  latter  installation,  its  original  cost,  plus  replacement, 
would  be  less  than  the  original  cost  of  the  infltalTaf.ion  designed  to  withstand 
30  psi).  In  extreme  cases  where  very  expensive  equipment  1>  to  be  installed  in 
a  particular  building,  the  relative  cost  picture  nay  conceivably  change;  however, 
this  is  unlikely.  Of  course,  replacement  lead  time  must  also  be  conslderad; 
however,  this  should  be  done  as  part  of  establishing  a  aafety  factor  for  pro¬ 
duction  capacity,  which,  in  any  case,  oust  certainly  be  dome  in  designing  an 
installation  for  explosives  manufacture,  since  li  is  compl^ely  unfeasible  to 
design  for  protection  against  severe  structural  damage  at  the  aource  of  an 
initial  detonation.  Regarding  personnel  ejq^osure,  the  trend  in  ajqtloalves  manu¬ 
facturing  facilities  is  towards  automation  and  minimi satlea  or  eosqilaito  elimination 
of  expesure  of  operating  people.  Furthermore,  there  is  every  indication  that 
this  trend  will  continue,  so  that  the  possibility  of  injury  to  peraomwl  will  be 
very  remote  or  virtually  nonexistent.  It  may  be  coneluded  tmt  the  forgoing 
considerations  that,  in  general,  protection  against  struetval  damage  ^nld  not 
be  included  In  design  of  installations  for  explosive  manufacture.  Ita  i^>eclfle 
eases,  however,  where  protection  of  personnel  and/or  ccstjy  specialized  equip¬ 
ment  is  necessary,  the  required  degree  of  protection  againet  structural  damage 
should  of  course  be  provided. 
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In  conclusion,  we  at  Picatinnjr  strongl/  feel  that  an  approach  to  each  specific 
design  c-se  involving  high-energy  propellani  faciUties  and/or  operations,  based 
on  the  methods  discussed  in  this  presentation  will  result  in  more  meaningful 

safety  design  criteria,  as  well  as  minimization  sf  requirements  for  costly  large 
flC3J.6  't63ting  proce<luj!*es« 
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b-'  a  co::.Unt  raluo  for  each  prcaouj^  for  each  point.  Thia  ahoidd 

th, 

t!:ro«,h  the  o.iZ^f/o•ll^^of^S;  ‘ 


J  sgfrrr 
p/.-uir-*/^  "^T*" 
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-(1)  Vg  -  r  (iCf )(ta)0i’)* 


V .  =  l:-.it.ial  frz j.x'Jit  velocity 
3  ::';;^locivo  out^-uK  ccr/jt^nt 
• ./ C  s:  v..;.;lo*ivc/c'.iijir^  ■..‘ci'jiit 


;  i  (n)(c)(taKc;i) 


V'a  s  fra,i7icnt  otriJ  ins  velocity 
boiovi  v.hich  hich  orfler 
detonation  of  the  acceptor 
Kill,  not  occur. 

Kf  s  oxploaive  sensitivity  con- 
sUnt  • 

tg  r  acceptor  casing  thiclmcso 


prodecoc!  ly  connr  ditcnntion 
co(.:jta:it  dependin’  on  donor 
I  iv.'  ;.r.  I  casin';  naterial 
doi'.or  ca.'.ln  ;  ;cipht 
donor  casing  •/hid, noon 
inside  ci.i.-.;'eter  of  donor 


i:  1  j  detonation  by  frad.'.;cnt  i.v.pjact  will  not  occur. 


.  possibility  of  detonation  by  frastaent  impact  exists. 


r  f(!;)(Vo/V3)(m) . (O 

cl.=  distance  from  donor  charfjo  at 

.  iiich  detonation  of  acceptor  occurs. 

1;  -  con-t-nt  dependin'’  on  fracnent  shape, 
nlr  density,  and  ora’  coefficient. 
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SLIDE  7 


COMPAMSON  OF  CALCUUTED  RESULTS  WITO  SaFETT  HAKUAL 


TS 


76am,  KL2A1 

TNT 

No 

76aini 

Comp  B 

No 

90hib,  M71 

TNT 

No 

90Bm 

Comp  B 

Yes 

105imi,  Ml 

TNT 

No 

105mB 

Comp  B 

Tea 

155Em,  K107 

TNT 

No 

240tnffi,  M114E1 

TNT 

Tea 

2BQtm,  n22E3 

t>;t 

Tea 

U.2  In.  M329 

Ooekat  head  3.5 

TNT 

Tea 

ln.M35Al 

Rocket  head  A. 5 

Comp  B 

Tea 

ln.H32 

Comp  B 

Tea 

dLitn,  M56 

TNT 

No 

60nm,  M49A2 

TNT 

No 

Tas  -  PoaalbllltT'  of  was  datonatlon  occurranea 
No  >  Nonoccurranca  of  aaaa  datonatlon 
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Carit.  Jenklna;  Mr.  Saffian,  you  said  a  nouthfUl.  I  nif^ht  add,  before  I 
gei  ohasB  quea'lona,  the  subject  of  propagation  Is  a  vital  subject  the  Hoard 
is  interested  in  right  now.  Poaitivs  data  le  lacking;  we  don't  know  how 
r.ush  in  the  way  of  quanti  td  ea  causa  it*  Yestm’day  I  signed  a  letter  estab¬ 
lishing  a  work  group,  with  the  concurrence  of  the  Board  Mmbers,  to  review 
what  the  Services  are  doing,  review  wli^t  ^nfomation  we  have  and  try  and 
come  up  with  a  coordinated  prorraa  to  gat  sens  eauct  Infomation  on  this. 

Mr*  Haltat  A  lot  can  be  said  to  get  a  nice  discussion  n  argument  going 
OUT.  I  want  to  make  ot«  mention  on  philosophy  of  struetuxss  and  quantity- 
distance  with  respect  to  buildings.  You  can  take  a  number  of  operatione 
and  put  then  in  a  single  b'llldlng  and  nut  e  12*  wall  between  the  operations 
and  everyone  Is  happy.  You  can  have  5,000  pounds  per  bey,  or  1,000,  or 
idiatever  you  need  in  this  range  and  you  can  have  a  corridor  between  these 
bays,  but  it's  all  under  one  roof.  How  if  you  remove  the  corridor  and 
remove  the  roof  separating  the  tvu  walls,  then  you  have  two  different  build¬ 
ings  and  you  have  to  inovo  this  operation  quantity-distance  fron  the  other. 

I  think  considerable  change  should  be  brought  about  and  elimlnata  this  cae 

ft*  f 

Capt.  Jenklnat  Thera  is  enough  in  »<r.  Saffian's  dissertation  tc  keep  us 
all  going  I'ar  a  hundred  years  I  think. 

Mr*  Herwani  I  would  like  to  clarify  one  point.  On  slide  3,  your  proposed 
new  magazine  distance  and  Intraline  distance,  this  was  based  on  your  pro- 
pagatl  on  by  blast  only? 

Mr.  Saffians  les. 

Mr*  Hermant  Where  would  this  have  application  where  you  would  not  have 
misallea  involved? 

Mr*  Saffian;  That's  a  very  good  question  and  what  we're  driving  at  here 
is  this.  ¥ou  remember  I  also  said  that  barriesdas  should  be  primarily  de¬ 
signed  against  missile  effects.  What  I'b  tryltig  t«  point  out  here  le  that 
once  we  set  up  a  barricade  which  will  catch  mlaailee,  we  still  have  to  worry 
about  blast  effects  which  come  into  play  where  you  have  close  proidmlty. 

If  you  have  two  exrloaive  charges  very  close  together,  you'll  blast  heck 
out  of  the  acceptor.  We're  not  saying  that  blast  is  unimportant. 

Mr.  Herman;  But  you're  saying  your  blast  distance  wcild  be  so  much  greater 
than  that  required  for  missile  distances  to  propegate. 

Mr.  Saffiani  I'm  not  saying  that  at  all. 

Mr.  Harmyit  If  you  pjt  a  barricade  so  that  you  stop  your  aieeiles,  than 
you  couiSThrlng  them  down  to  a  certain  point  tut  you  would  still  have  a 
minimum  distance  which  you  would  have  to  maintain. 

Mr.  Saffiant  j’or  blast. 


131 

UNCLASSIFIED 


Mr«  Herman;  For  blast,  that's  right,  but  your  mlssila  distance  wottld  be 
greater  than  your  straight  out«anl-out  true  blajt. 

Mr.  Saffian;  The  unbarricaded  ;d.ssile  distance  la  Sss  greatar  than  your 
unbarricacied  blast  distance. 

Mr.  Heman;  Correct. 

Mr.  Hurphyt  These  conclusions  In  your  fosrnilas,  are  Mmj  the  raaclt  based 
primarily  upon  your  owi  work? 

Mr.  Saffian;  No,  I  pointed  that  out.  Our  own  woric  is  in  terns  ox  correlating 
what's  available  in  literature.  So  far,  as  I  said,  our  program  is  in  the 
early  staf'ea.  Let  ir.e  clarify  this  cnee  again.  We  haven't  run  a  single 
te£;t  in  developing  these  relationships,  but  we've  ludosJ  at  ai:  awful  lot  of 
data  which  we  feel  la  rood  data,  and  these  relationships  racjairs  quite  a  bit 
of  refinonent.  However,  the  rough  conclusions  drawn,  ws  think  are  valid 
as  of  now. 

Mr.  Murphyi  Have  you  been  able  to  look  at  any  accident  reports? 

Mr.  Saffiant  Tea,  we  have  locked  at  accident  reports.  The  trouble  with 
accident  reports  is  that  becau^’t  they  are  accidents  by  definition,  we  don't 
have  all  the  Information. 

Mr.  Murphyt  One  further  question,  have  you  looked  at  the  recent  KJce  tests 
in  terms  of  your  formulas? 

Mr.  Saffian;  I  Uilnk  so.  Mr.  Blshoff,  are  those  the  tests  ws  discussed 
at  your  office? 

Mr.  Bishofft  No,  ^en  the  first  reports  are  ready  they  will  be  available. 

Capt.  Jenkins;  That  is  still  very  much  under  study. 

Mr.  Blshoff;  Mr.  Halts  made  what  I  think  appeared  to  he  a  very  tailing 
point  explaining  a  fa’Ot  in  philoccphy  in  quantlty-dlatanes  relatttmshlps. 

I  feel  that  I  have  tc  give  some  sort  of  an  explanatlan  sa  to  why  soen  een- 
dltiona  exlat.  It  is  trua  that  all  of  ua  in  the  DOD  have  accepted  a  one-foot 
reinforced  concrete  substantial  dividing  wall  in  a  builiUiig,  mi.  that  when 
ycu  have  two  separate  buildings  we  ask  for  intralina  distanoo  or  inhabited 
building  distance  as  ths  case  nay  be.  But  what  fb*.  Ealte  evidently  doesn't 
take  into  consideration  is  this.  The  user  detemlnss  wbat  operations  he 
wants  to  have  in  one  building  by  separating  ths  beys  by  substantial  dividing 
walla.  We  are  not  guaranteeing  that  if  you  ha.~  an  exploaloa  in  one  bay 
that  nothing  else  in  that  building  will  be  damaged.  Vs  fsal  that  operations 
may  ceaae  entirely  in  that  building.  Ths  only  purpose  of  tiie  substantial 
dividing  wall,  other  than  providing  seme  little  protectlai  to  workers,  is  to 
reduce  the  quantity-distances  required  to  ths  boundary  of  ths  installation 
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or  to  other  fcuildinRa  which  you  v*nt  to  protect.  Again  I*d  like  to  say 
thst  the  user  deterndnea  how  nany  operationa  ho  wante  to  risk  to  one  ex- 
ploalon.  He  then  puta  It  all  under  one  roof,  but  if  the  user  determines 
that  If  he  loses  certain  operationa  he  still  wants  to  oonttnua  with  other 
operations,  then  he  must  have  another  buildlni;  at  Intrallne  or  iniiabited 
biiildlru;  distance. 

Mr.  Gaylord:  Along  with  oeak  pressure  aren't  you  consl«'!rl'S  the  effects 
0/  Impulse also? 

Mr.  Saffian;  We  did  consider  the  effects  of  impulse,  obviously  all  these 
relatl'onshipe  are  anpirical  relationships  primarily,  with  some  thaoretLeal 
basis,  of  course.  We  don't  nretend  these  to  be  theoretieally  correct  re¬ 
lationships. 

Mr.  Gaylord:  In  sene  instancee  I  think  it  might  be  posalhla  to  get  more 
damage  hva  the  impulse  than  initial  peak  pressure. 

Mr.  S^fiant  Yes,  particularly  where  your  Impulse  curve  ie  a  shallow  curve. 
In  other  words,  if  you  don't  have  a  auddao  rise  in  peak  pressure  you  gat 
with  most  of  the  explosives  like  tMT  or  Comp.  B.  I  tfalnic  in  those  eases 
peak  pressure  is  more  definitely  the  erlterlon.  In  sane  eases  where  you 
have  propellants,  it's  quite  possible  that  these  relatlonshlpa  should  be 
modified  in  terms  of  imf^se.  In  other  worda,  where  you  would  have  the 
same  Irapulsea  you  would  have  with  an  explosive  but  over  a  longer  period  of 
time  and  with  peak  pre8s«n*e.  I  think  that's  idiat  you're  referring  to. 

Mr.  Gaylord I  Yes. 

Hr.  Saffian:  Because  ww  have  no  data,  or  as  I  said  because  most  of  our 
data  is  on  the  TNT  type  of  explosive,  we've  correlated  with  peek  pressure. 
However,  I  should  say  one  thing— that  in  telJdng  about  pronagatioa  and  maae 
detonation,  there's  a  pretty  good  Indicatioa  that  tlieee  propellants  will 
behave  mere  like  TNT  or  Comp.  B  so  that  yon  will  get  this  very  rapid  rise 
of  peak  pressure  for  at  least  many  of  the  formulations  under  eertaia 
conditions  of  ecnflnement  and  things  of  that  sort,  I'm  not  sore  about  the 
bare  charge  now. 

Dr.  B^lt  The  thing  that  strikes  me  most  about  this  poresentatlon  is  a 
thougiit  that  probably  we  should  change  our  whole  phllosoidiy  about  banieadlkig 
i.e..  It's  much  more  important  to  barricade  the  acceptor  then  it  is  ths 
donor  in  many  oases,  Anothsr  thing,  your  eornmnt  ebout  how  expensive  It 
is  to  build  a  structure  that  will  take  10  pal.  Maybe  you  don't  need  to 
build  that  kind  of  a  structure.  Maybe  you  can  build  a  sacrificial  structure 
that  will  stop  Ute  nisailes  and  a  light-weight  weather  protection  that  won't 
stop  tto  blast.  It'll  Just  get  out  of  the  road)  It  won't  contribute  anything 
to  the  damage  to  tiie  acceptor.  This  becomes  quite  important  whan  you  have 
an  operation  where  you  must  have  an  operator  or  an  obMrver  up  close.  A 
bomb-proof  shelter  adequately  designed  will  certainly  be  safe  well  within 
the  y  pal  limit.  I  believe  a  human  body  is  aupposed  to  be  able  to  stand 

133 

ilMCLASSIFlED 


UNCLASSIFIED 


sonethiiij'  on  the  order  of  a.  couple  hundred  pounds  eltbout  a  guaranteed 
fatality  and  properly  designed  bomb-pror>f  structures  should  go  into  that 
close  proximity  to  a  nhenemenon  if  yon  need  it. 

Capt«  Jenkins:  I  don't  want  to  be  arcund  with  a  couple  hundred  pomds, 
doctor. 

Mr.  Saffian:  This  copsaent  about  a  sacrificial  structure  is  precisely  '.diat 
we  had  In  mind^  something  liVe  one  of  the  "Rube  Ooldberg*  things  we'so  tossed 
around  a  little  bit-esonethliig  lik*  these  woven  blasting  mats  that  you  see 
in  construction  wai'k.  They  may  be  suspended  to  form  a  w'H  which  will  catch 
fragments  but  won't  really  give  you  anything  wi  th  respect  to  blast  pro¬ 
tection  and  it's  very  interesting  to  see.  I  don't  recall  exactly  where  I 
saw  thlSt  but  it  was  in  one  of  ths  EZP  reports  or  the  JAVaF  sjmposiniy  I 
saw  a  photograph  of  a  British  installation  where  they  aerially  make  walls 
out  of  mats  of  this  type,  rops  mats. 

tfr.  Jegek8  Or.  Ball,  if  you  noticed  tbs  photographs  that  we  had  that 
Brlnklsy  presented,  we  did  Just  whet  you  said  ws  should  do,  we  protect  the 
operators  but  ths  outside  skin  where  the  damage  is  to  be  expected,  we  only 
put  up  a  flimsy  struettire,  nothing  very  strong  to  prevent  that. 

Dr.  C.  L«  Knapp.  Esao  ^searchi  'we're  working  idth  quite  a  different 
problem,  small  ^anElties  In  a  crowded  area  where  we  have  to  have  ecnplete 
protection  for  people  sreund  and  one  thing  we  want  to  make  use  of  is  this 
woven  blast  mat.  We  haven't  been  ade  to  find  out  anything  about  lAat  this 
blast  mat  does.  First,  does  it  give  any  pressure  relief  and  second,  how 
does  it  receive  a  shock  wavo.  I  think  it  has  about  2$%  openings  or  some¬ 
thing  like  that.  Does  ths  shock  wave  go  through  that  or  does  it  ^t  bounce 
back  from  it  and  does  it  give  any  pressure  relief. 

Capt«  Jenldnst  Can  anyone  answer  that? 

Hr.  Saffiant  I  couldn't  give  you  a  definite  answer.  I  would  eay  that  ytn 
get  some  blast  relief  but  I  wouldn't  know  Just  how  much. 

Capt.  Jenkins t  Does  anyone  have  any  infomatlon  gb  that? 

Mr.  King!  I  know  this  subject  cams  up  at  the  National  Ssfet;,-  Cooneil  last 
year  ana  the  aircraft  missile  body  makers  have  done  a  lot  in  this  respect 
for  testing  the  missile  systems  at  2,000  pounds  air  pressure  and  things  of 
this  sort.  I  would  suggest  tbs  appropriate  divistoa  of  the  R5C  send  it  to 
you.  1  know  tner  use  about  throe  layers  of  woven  matting  and  tiBjr  find 
this  works  effectively  insofar  as  explosions.  Insofar  as  dotonations,  I 
don't  know,  1  think  they  might  know  something  about  that. 

Mr.  J»  W.  ttllin,  HWi  On  the  blast  mat  situation,  ws  hsvo  a  high  pressure 
building  tiiat  uses  blast  mat  on  the  outside.  Ha  were  re-examining  that 
building  recently  for  its  resistance  to  the»o  types  of  things  and  wm  hunted 
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all  oTcr  thfl  countryside,  every  blast  mat  manufacturer,  and  nobody  can  tell 
you  a  thing  about  it  and  nobody  knows.  They  just  say  well,  we  try  to  use 
sr  much  and  that’s  about  all,  so  I  don't  think  you're  going  to  find  any 
real  data  on  the  sub  jcct  of  blast  mat  anywhere  in  the  enimtry. 

Mr>.  Safflant  In  these  blast  rxit  install  ations,  has  consideration  been  given 
in  designing  these  things  to  make  thcr,  fv'ee  to  swing? 

Mr.  E.  L.  Taton,  DASAt  ilre  you  prepared  to  say  now  or  d';  you  have  an  idea 
at  wiiat  variance  your  current  computations  are  at  variance  with  the  pi:b- 
lished  standards  we're  now  ualiiK* 

Mr.  Saffian;  Vfhat  standards? 

Mr.  Tatont  The  safety  manual  standards  or  the  ASE5B  standards  we  now  use. 

"r.  Safflant  There  are  lots  ai‘  standards.  Which  ones? 

Mr.  Taton»  Explosives  safety  dlataiu:ss  for  blast. 

Safflant  Tea.  I  think  I  said  that  we  are  at  variance  with  reanect  to 
blast  cniy. 

Mr.  Tatoni  My  question  is,  to  what  extent? 

Mr.  Safflant  Three  times,  approximately.  I  think  I  pointed  that  out  with 
respeci  to^diatances  roughly.  That's  Intraline  distances,  that's  blsat  only. 

Capt.  Jenkins;  That's  blact  only,  don't  be  misled.  There  are  other  very 
imporiani  faotors-'eiilsailes.  So  it's  a  difference  between  protection  of  a 
building  and  protection  of  people. 

Mr.  Safflant  The  OSM  does  not  mention  missiles. 

Oaat.  Jenklne»  Wes  that  sufficient,  Mr.  Taton? 

Mr.  Tatoni  Tea. 

Mr.  Buxtent  On  your  Chart  No.  6,  fomule  2  I  bellove,  the  one  for  M  whleh 
was  tKe  largest  expected  missile,  yo<j  ssld  that  there  wee  pretty  good  date 
avallebla  on  this,  but  isn't  the  date  with  respect  to  such  tiling  as  yonr 
155  howltcer  projectiles  and  things  of  this  soit? 

Mr.  Safllani  I  think  It  was  pointed  ant,  this  date  was  obtained  with  eon- 
ventlonal~iBrmini  tlon  Items. 

Mr.  Buxtcni  Really,  what  good  ia  this  formula  thn  whan  we're  eoneldaring 
e  mix  sie'Uon  whieb  blown  and  ywn  might  take  a  missile  the  else  of  a  gei.* 
wheel  that  will  fly  out  or  a  big  chunk  of  conorete  or  something,  what  possible 
standard  do  you  look  to  on  a  thing  like  thle? 

Mr.  Safflon:  Tou  mean  like  eleetrle  motors? 
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Mr»  3uxtont  Sure,  the  \rfiole  roof  of  the  oulldlng. 

Hr.  Safflant  That's  ana  of  the  things  iisTe  to  datendiw.  Howawn*^  talk¬ 
ing  about  yovu*  rJLzer,  this  ~c.y  not  ba  aa  isiportant  as  foot  sight  tfdidt  aisiply 
because  we're  talking  here  about  a  minimum  velodtj'  re^droaent.  Ms  don't 
partleiilarly  care  if  this  motor  or  what-ater  it  is  strl'aw  an  aceeptor  charge. 
If  it  doesn't  have  the  sininum  velocity  reTi^roi  *•'*  eajse  datotiaticn,  tt 
won't  Inltlata  ihe  acceptor  charge. 

Hr.  Burton;  Your  kinetic  energy  i«  1/2  mv2,  the  m  is  .till  pretty  Impcnrtant. 

Mr.  Saffian:  By  the  same  token  we  think  the  thing  to  woiry  abonr  nest  right 
now  Is  the  mixer  vessel  itself;  that  is.  the  metal  InnsAat^y  adjacent  to 
the  explosive  mixture  rather  than  something  like  an  electric  motor  witieh  is 
outside  this  imisdlate  charge. 

Mr.  Buxton;  This  la  theory  strictly,  the  velocity. 

Mr.  Saffian;  I  think  tliey  subatantiate  the  fact  that  the  velocity  of  some- 
thing  nice” a  motor  would  be  much  less  tlum  the  veloci^  of  a  fragment  witieh 
was  generated  by  breaking  up  the  easing  immediately  sunrw!Ric?  ^  etpaloeive 
charge.  This  1/2  mv2,  the  v  la  square.  From  this  standpoint  it  is  a  more 
important  factor  although  I'll  grant  you  the  mass  of  aa^setrie  motor  is  a 
heck  of  a  lot  'wrre  than  a  fragment. 

Mr.  Buxton;  I  may  bs  out  of  order  on  this  but  in  one  of  the  mix  station: 
exploeions  we  had  at  Sacramento,  we  have  never  taken  dosn  oar  rsmetnsnt 
around  there,  it  was  a  wood-walled  earth-beoked-up  revetanxt  and  if  yon 
would  care  to  or  anyone  else  you  can  come  there  and  dig  out  some  resT  stsahle 
chunks  out  of  the  revetment  and  probably  calculate  abomt  what  velocity  the 
things  were  moving  to  go  through  12  x  12  timbers,  and  thMC  warm  pretty 
large  missiles.  They  are  parts  of  motors  and  poatty  Ug  staff,  mi  It  went 
right  onack  through  them  mtd  right  Into  the  eai^  a  eom^e  of  feet.  Quite 
impressive. 

Mr.  Safftani  I'm  sure  this  would  be  consldazed.  As  X  sold  before,  re- 
lationsLiIoe  of  this  sort  can  only  deal  with  the  easing  iamadiately  anrroand> 
Ing  the  explosive  elmurge. 

Capt.  Jenkinr-*  This  is  an  interesting  subject.  Or.  Ameter? 


Dr.  Amater;  It  may  be  a  small  point,  but  you're  still  depending  In  these 
calculat£ons  upon  mass  detonability  and  you  mads  the  statewnt  that  fur 
those  things  for  which  we  don't  have  the  critical  dims etera,  you  can  add 
eonfinsment  in  order  to  determine  these  diameters.  I  tUak  ym'rs  being 
rather  optimistle. 

Mr.  Saffian;  'lot  ts  detemlns  the  diameters,  to  stmulste  that. 

Dr.  ^ter;  Kven  fx>  simulate,  vdleh  means  that  by  tha  adUtLcn  of  eonflnemant 
youTw)po  to  be  abLt  to  obtain  a  detonation.  Ac  I  say,  X  thiafe  that's  being 
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rather  cptlmlatle.  Additional  confinement,  steel  canflnenent  for  example, 
is  effective  only  to  a  small  extent  in  eoBnurisai  to  the  dimetar  of  ti» 
charge.  I  certainly  don’t  think  you're  buylna  very  much  with  conflnenent} 
it  helps  a  little  but  not  a  lot.  As  an  example  of  this,  on  one  of  the  pro¬ 
pellants  ve  tested  we  knew  it  didn't  detonate  at  1^*  diameter.  We  thought 
that  by  adding  confinement  m  could  hc7n  tiie  situation  a  little  tilt.  Vte 
took  a  steel  rod,  I  think  it  was  8"  or  10*  cvar^ill  'Himeter,  and  put  a  1^ 
hols  djioi  in  the  middle  of  tnls  rod  and  stuck  in  propel?  and  a  tig 
booster  on  ore  end  azvi  it  turned  out  we  had  a  real  nice  extruder.  The  stuff 
Just  squirted  out  the  other  end.  How  much  bigger  confr  ment  are  you  going 
to  add,  3  or  U  times  the  diameter  of  Ute  Initial  charge?  I  think  that's  a 
rather  optimistic  hope. 

Mr.  3afflan;  On  the  other  hand,  with  respect  to  double  base  pronallants, 
a  lot  of  teats  have  been  run  with  actual  rocket  motors,  the  actual  rocket 
motor  case  and  also  similar  tests  with  uncased  propellant  grains.  Ths  data 
indicates  quite  conclusively  that  all  eases  of  detonation  or  all  cases  which 
reasonably  approximate  a  stable  detonation,  were  obtained  with  eased  charges 
This  is  more  or  less  emplricsl  data  and  not  a  result  of  a  spedfle  study 
aimed  at  determining. 

Dr«  Amsxvrt  I  think  that  what  we're  quibbling  about  here  io,  as  I  said 
before,  a  matter  of  idiat  detonation  is. 

Hr.  Blohofft  I  think  we  have  a  pretty  ciesste  exMple  of  trying  to  get  a 
dctonatioii  in  an  exploeive  sw.ple  with  regard  to  wionlum  nitrate  fertllizsr 
1  believe  many  years  ago  at  Picatlnny  Arsenal  we  used  the  pipe  method  of 
trying  to  get  a  detonation  in  anmonluB  nitrate  fertlllier  and  by  the  eon- 
rinament  it  didn't  work.  Then  later  on  we  had  the  explosion  at  Texas  City. 
Of  course,  1  must  say  that  we  knew  fron  other  Ineidenta  before  Texas  City, 
that  aevcninm  <iitrate  fertlllMr  could  be  detonated.  The  only  reason  I'm 
bringing  it  up  is  that  these  lead  pipe  tests  may  be  a  little  confusing. 

Mr.  Saffian;  It  depends  on  how  thick  the  wall  is,  of  course. 

to.  Stuckeyi  I've  rot  a  lot  of  quarrels  wltb  quantity^iidistanM  tables  and 
barricades  and  things  of  this  type  and  I  think  ths  problan  with  us  is,  we 
are  supposed  to  be  msJdng  prcpsllsnts  and  not  high  explosives.  We  have 
certain  uafinlta  prohlens.  Z  think  that  soma  of  the  dU  prepallaat  tables 
are  a  little  short,  and  I  thibk  maybe  aoM  of  the  Mgb  aj^oslve  tablee  ere 
a  little  too  long,  the  distances,  but  if  any  of  you  paepla  have  ever  bean 
sitting  out  on  one  of  these  lines  when  it  let  go,  yon  wouldn't  be  theorizing 
someplace  because  they  gat  awfully  rough.  I  think,  actually,  theea  original 
tables  as  I  underntjind  them,  were  not  put  up  on  thimy.  They  ware  a  study 
of  actually  what  some  of  thesa  bad  explcsicna  had  dona.  Referring  bade  to 
Tsxoa  City  again,  tF«y  don't  always  do  what  thaory  tails  ua  thay  are  ga).ng 
to  do.  I  will  say  thia,  that  with  all  the  experlancee  and  studiea  I've 
made  of  the  thing,  I  say  thoas  tables  have  been  vary  good  tables  for  the 
people  dto  ware  working  out  on  these  lines. 
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Capt.  Jenklnat  All  of  this  information  is  exeeedlnrly  xiQaable  tn  bsar  and 
wjrk  on  in  tku;  futur®,  and  don’t  forpet  wa’ra  warklnp  «■  high  eaargr  solid 
propellants  today,  not  to  work  over  the  tables. 

Mr.  Saffian t  We  say  tiie  sane  thing  about  the  present  tables*  As  a  natter 
of‘  ^act,  we  say  it  in  writing  in  sono  ?f  our  reports.  The  only  thing  we’re 
trying  to  say  is— it's  true,  these  tables  ere  Lacod  on  aetaal  incidents. 

It's  also  true  that  if  they  are  baeed  on  actual  inBidenfs,  that  these  'n- 
eidents  will  not  do  Just  the  blast  effects.  There  must  have  been  a  lot  of 
missilea  and  fragments  produced  during  these  incldenia  md  yet  the  tables 
say  that  we'll  protect  you  against  blast  but  as  far  as  eissUss,  we  can't 
help  you  very  much.  I  a  otF-;r  words,  these  distances  are  sec  up  and  stated 
as  being  distances  which  will  protect  against  propagatlei  due  to  blast,  but 
not  against  propagation  due  to  missiles.  That's  why  we're  trying  to  separate 
the  two  things.  We're  trying  to  say  that  it  it's  true  l^t  we're  protecting 
only  against  blast,  then  you  dcn't  need  these  distances.  Va  also  say,  not 
in  this  ease,  but  in  the  more  detailed  presentations,  IT  we're  talld.ng  about 
missiles  thsn  the  present  distances  go  a  long  way  in  protsetlng  against 
both  blast  and  missile.  It's  only  when  we're  talking  ibcdt  blast  that  we're 
really  lalkit^  about  r<iductlon« 

Capt.  Jenkins:  It's  too  bad  you  people  can't  get  into  sens  of  tin  dis- 
cussions  and  arguments  we  get  into  with  idw  tables.  Ton  woidar  bow  we  support 
and  stand  by  then.  They  have  stood  up  pretty  well  over  the  years;  they  are 
nop  perfect,  and  as  we  gain  Inforaation  we  try  to  bring  the  rough  spots  into 
line. 

Hr.  Shell  Martin.  OCE»  I  think  in  the  philosophy  Hold,  I  Just  want  to  take 
a  minute  to  remark  that  we  talked  about  $ii, 000,000  for  tests  and  talked 
about  guessing  this  and  that,  being  with  an  outfit  who  Sm  more  eoncamsd 
in  acquiring  real  estate  for  the  Services  and  In  bunding  fSellitlss,  these 
test  costs  and  other  things  are  a  very  minor  cost  eosparai  with  the  money 
that  gets  thrown  down  the  drain  by  scnsebody's  educated  |wew  Inn  soeetimes. 
Another  thing  that  I  have  long  thought  on  the  philosopfagr  of  tin  use  of 
barricades,  i.s.,  we  should  protect  the  receiving  fseili^  and  not  the  doner 
at  that  point  and  this  would  give  us  a  chance  to  out  dona  these  trenendoca 
real  estate  requirements  we're  apt  to  get  into.  These  at#  frohlons  that 
we're  continually  faced  with  and  I  think  tfaero  is  a  certwiB  distance  idien 
we  get  to  a  certain  quantity  of  explosives  whers  of  course  the  ndasiles  are 
going  to  travel  to  this  sL  te  faster  than  the  blast  wave,  se  even  though  we 
have  a  barricade  that  the  blast  wave  may  take  over,  we  hwie  slowi.d  up  our* 
missilee  until  ws  don't  get  a  detonation  from  the  miseilas  and  the  blast 
wave  comes  along— we  don't  have  to  have  a  barricade  that's  going  to  stand 
there  and  take  all  the  blast.  I  don't  say  this  iu  true;  it  is  well  worth 
studying.  Ths  other  thing  is,  when  we  talk  about  strnetnrl  damage  te 
facilities  off  some  place  else,  intraline  or  oft  tha  reeacaatlep,  several 
conaents  have  been  made  in  regard  to  stating  that  ws  eouli  3o<dc  at  this  as 
mainly  tha  peak  press’nre.  When  we  are  dealing  with  the  lacgar  qnantitlas 
of  particular  propellants  and  those  getting  closer  to  a  exploelvw  in 
their  reaction  here,  idien  ws  are  censidering  a  structure  and  how  much  Ulast 
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it  takes  to  knock  it  down,  ceak  oressuro  la  very  faulty.  Wo  have  used  that 
for  yiPtars;  it's  very  fenlty  stuff.  We  have  to  act  only  consider  tee  neak 
pressure,  '-u‘.  we  have  to  have  a  canblnatlon  in  our  analysis  and  taka  a  dynanHc 
tyne  of  oquatijn  which  includes  the  length  of  the  impulse  or  of  our  over- 
pi'essiU'e  anrl  the  total  energy  in  the  blast  wave. 

Mr.  Saffian:  This  peak  pressure  is  only  use-i  Insofar  as  a  criterion  far 
sensitivity  is  concerned.  I  juat  wanted  to  uolnt  out  t^’ai.  this  peak  pressure 
bisinesa  is  in  no  way  relatt?d  to  what's  important  in  knocking  down  a  wail, 
only  what's  important  in  starting  a  detonation. 

Cant.  Jenkins;  Any  more  questions?  Kr.  Foster. 

tfr.  J.  S.  Foster,  Hotw  ^  Haas;  At  the  itedstone  Arsenal  Division  of  Rohm  & 

Haas, 'research  and  development  work  on  neif  explosives  a.rf  new  solid  pro- 
ijellanta  is  conducted.  Becauaa  of  the  experimental  nature  of  the  work,  it 
is  necessary  to  assume  that  detonations  will  occur  and  to  provide  protection 
for  our  personnel  against  the  effects  of  a  detonation.  In  order  to  provide 
the  required  personnel  protection,  it  was  necessary  for  us  to  do  work 
on  the  effectiveness  of  personnel  shields.  This  morning  I  shall  discuss  the 
results  of  our  studies  on  vne  eiiectiveness  oi  relniorcso  concrete  against 
the  detonation  of  pound  quantities  of  extilosivee  and  the  effectiveness  of 
transparent  safety  shield  against  ths  detonation  of  gran  quantities.  I 
w'.ll  discuss  our  results  on  the  effectiveness  of  concrete  first.  We  first 
became  interested  in  the  problem  of  the  resistance  of  concrete  to  blast 
in  the  design  of  a  facility  for  the  manufaeVura  of  small  quantities  of  ex- 
perLmental  explosives.  A  number  of  trips  to  explosives  man’j^acturers  re¬ 
vealed  that  there  were  few  data  that  were  directly  applicable  to  our  particular 
problem.  Many  of  the  Installations  did  not  attempt  to  provids  personnel 
protection  because  standard  exiiLos)  ves  only  were  manufactured,  or  because  it 
was  considered  impractical  with  the  lax^e  quantities  of  explosives  handled. 

At  the  Installations  which  did  attempt  to  provide  personnei  protection,  there 
did  not  appear  to  be  any  systematic  approach  to  ths  problem.  The  required 
thickness  of  concrete  to  protect  against  a  given  quantity  ol  exploal'*e  waa 
left  to  the  judgment  of  people  with  long  experience  in  the  f^  "^Id.  A  literature 
search  was  also  made  and  here  again  there  was  little  lnfcr;.^atl!  n  that  waa 
pertinent  to  our  problem.  The  one  reference  we  foimd  that  aou:ared  to  be 
applicable  waa  a  report  entitled;  "Fundmentals  of  Protective  Design," 
published  by  the  Corps  of  Engineers.  This  is  a  report  on  the  procedures 
used  by  the  Corps  of  Engineers  for  the  design  of  fortifications  to  protect 
against  artillery  and  bembs.  Included  was  a  chart  showing  ths  damage  idiieb 
would  be  sustained  by  a  reinforced  concrete  wall  subjected  to  the  blast  from 
a  detonation,  (shoved  slide)  This  chart  is  shorn  in  the  first  slide.  The 
ordinate  is  the  ratio  of  the  thickness  of  the  concrete  to  the  one-third  power 
of  the  weight  of  explosive  and  is  a  measure  of  the  strength  of  the  concrete 
wall.  The  abedssa  Is  ths  ratio  of  the  distance  from  the  explosive  to  ths 
one -third  power  of  the  explosive  weight  and  is  a  measure  of  ths  force  acting 
on  the  wall.  These  lines  are  lines  of  constant  fictitious  fiber  stress. 

The  predicted  damage  corresponding  to  each  of  these  fiber  streeses  is  shown 
here.  Tou  have  uones  of  fine  cracks,  light  sesbtaing,  heavy  scabbing, 
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1"  to  U"  crscica  i>nd  ccfnpl«+o  failure.  The  correlatlaa  bst»een  the» 
flotitioua  fiber  atreeaea  and  the  predicted  danaire  Mts  based  on  «  merles 
of  teats  made  on  reinforced  concrete  beams.  When  usias  tbs  chart,  ♦t  ray 
be  necessary  to  make  certain  correctiona.  The  explosive  aasnmed  in  tiie 
derivation  la  TNT.  If  other  exnloelves  are  assumed,  it  is  neceasary  to 
correct  the  veipht  of  exnlosive.  The  Corps  of  Englnaws  recawnends  that 
the  correction  l»  made  on  the  basis  of  rela>J.yB  rr»lr  mssttre  for  the  sara 
conditions.  The  chart  also  assumes  a  cawpresslve  atren^ta  Tor  the  eoccrete 
of  IjOOO  pai  and  sufficient  reinforcing  steel  to  provide  ienatle  strwgth 
corresponding  t.o  the  conpreaslve  strength  of  the  conei.'ce^  and  to  knit  the 
wall  t^ether.  If  the  comoressive  strength  of  the  eonezete  le  less  than 
liOOO  pel  or  if  insufficient  reinforcing  steel  is  used,  it  is  necesaary  to 
use  corrected  distance  from  the  explosive  center  to  tils  eall>  To  us,  tisis 
chart  appeared  to  provide  a  posalbie  method  for  detendMqg  the  extent  of 
damage  to  concrete  walls  exposed  to  a  detonation.  stnee  the 

adsumptions  made  when  developing  the  enart  did  not  neeasaarlljr  c^opily  to  onr 
problem,  we  decided  to  conduct  a  few  tests  to  detemiae  iae  validity  of  ths 
chart  for  our  problem.  The  tests  we  made  were  deadgned  to  jtela  Information 
on  our  specific  design  problem  and  to  check  the  apolicahtiity  of  ths  cor¬ 
relation  shown  on  the  chart  to  small  quantities  of  axploslvee,  up  to  ap¬ 
proximately  25  pounds,  located  faf.rly  closely  to  the  eaP.  i.e,,  within 
3*  to  5'  Aron  the  wall.  The  results  ws  obtained  fm  a  Osse  tests  are  show 
in  the  nsxt  several  slides,  (slide,  12"  wall-before  teste)  The  original- 
test  set-up  Is  shown  in  the  next  slide.  It  was  desired  to  test  different 
types  of  single  and  double  wall  constructian  as  well  a  testing  the  effect 
of  the  blast  wave.  Because  of  this,  we  used  the  arrasgsmest  sboies  bare. 

The  double  wall  on  the  left  of  the  slide,  which  I  will  call  Wall  for 
convenience,  was  made  up  of  two  completely  independent  12"  thieh  concrete 
walls  separated  by  a  3  *  air  gap.  The  reinforcing  soeel  ia  these  was 

twice  that  called  for  in  the  0^  for  substantial  dlvldiag  ealla  being  l/2" 
bars  6"  on  canter,  EWEF.  The  inner  portion  of  Vail  "A"  ms  poured 
monoUtfalcsIIy  with  the  other  Inner  walls  and  tied  llghOy  to  Ite  net^bors 
with  reinforcing  steel.  Wall  "B",  the  next  eloekuise  &mi  Wall  "At  was 
identical  to  Wall  "A"  except  that  eajr^h  was  packed  bstnMB  the  two  h^I-es 
of  the  wall.  Wood  planks  were  used  retcin  the  earth  at  the  sides  cf  the 
wall.  Wall  "C"  differed  fToa  "B"  in  that  the  two  nalves  of  "C"  were  t£f>l 
together  at  the  top  with  throe  concrete  beams,  the  two  aster  beams  coniaX fl¬ 
ing  four  l/2"  steel  bars,  and  the  central  beam  being  tnaelnfarcad.  Wall  "D", 
in  the  foreground  of  the  slide,  was  reinforced  with  telos  the  steel  of  the 
others,  having  1/2"  bars  3"  on  center,  EWEF,  In  additlaei,  half  of  the  wall 
was  faced  with  a  3/8"  thick  steel  scab  plate  firstly  aeshered  in  ths  con¬ 
crete.  As  can  be  seal  in  the  photograph.  Wall  "D"  was  the  only  single  wall 
of  ths  four.  The  concrete  used  here  was  nominal,  3000  pemads,  and  was 
allowed  to  cure  28  days  before  the  test.  Test  cylinder^  cuared'  with  tie 
walls  showed  a  strength  of  3200-3500  pel  after  28  days,  lie  conditions  fir 
the  first  test  were  a  charge  of  3.1  pounds  of  nltroglycc*ta  I  ’og*  2S’ 
frm  each  of  the  facing  walls  and  2.5'  from  ths  ground.  titass 

wore  calculated  to  yield  a  blast  pressure  equal  to  that  grt»r  by  pounis 
of  nitroglycerin  at  a  distance  of  5',  the  actual  cooditiigBs  Is  which  we 
were  interested,  (slide,  12"  wall  after  3  pound  nltroglyeerin)  daesage 
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caused  by  the  3.1  pound  cl-iarge  of  ni troglycerin  Is  shown  in  the  next  slide. 
7;-u.s  cnsrpe  caused  relatively  little  danaye  to  any  of  the  walls*  Flzw  cracks, 
as  shown  here,  were  formed  at  each  of  the  comers,  but  there  ’.ass  no  evidence 

of  failure  at  the  center.  A  crack  was  also  formed  at  the  Junction  of  one 

of  the  outside  beams  and  the  cuter  portion  of  Wall  "C."  (slide,  12"  wall 

after  3  r-ounds  nitrogi3n:erin)  The  next  "lide  shows  another  view  of  a  comer 

crack.  Separation  between  the  earth  fill  cii-i  tnts  tnr.er  Dortion  of  Wall  "B" 
can  also  be  seen.  It  ap’^ears  that  Wall  "B“  bent  elasti.aily  during  tho 
detonation.  This  test  shawl'd  that  any  of  the  construction  designs  chosen 
would  be  satisfactory  for  the  condition  of  25  pounds  ox’  nitroglycerin 
located  5'  from  the  wall*  However,  since  the  structure  was  still  relatively 
sound,  wo  decided  to  continue  the  tests  to  obtain  more  definitive  results* 

The  csriditiuiis  for  the  second  test  were  6  pounds  of  nitroglycerin  located 
2^  ft.  from  the  face  of  each  wall*  (slide,  12*  wall  af+er  3  end  6  pounds 
of  nitroglycerin).  The  damage  from  this  test  is  srown  In  the  next  slide* 

The  results  obtained  were  similar  to  those  obtained  frem  the  first  test* 

The  existing  comer  cracks  were  increased  and  a  second  cctierete  bean  cn 
Wall  "C*  was  cracked.  No  damage  was  done  to  the  central  portien  of  the  imlls 
directly  oppoeite  the  charge*  The  conditions  for  the  third  test  were  12 
pounds  of  nitroglycerin  located  2^  ft*  fron  the  face  of  each  wall*  (slide, 

12"  wall  after  3,  6,  and  12  pound-  nitroglycerin)*  The  dem=-e  fro«  this 
test  la  ahotB  in  the  next  slide.  This  shot  resulted  in  considerable  loss 
of  concrete  at  the  wall  corners  and  fine  cracks  in  the  center  of  Wall  *A”. 
Although  it  is  not  visible  in  the  slide,  fine  cracks  were  found  in  each  of 
the  inner  walla.  For  the  fourth  test,  we  used  25  pounds  of  tetryl,  which  is 
eq[uivaJ.«nt  to  about  16  pounds  of  nitroglycerin  and  a  corrugated  roof,  (allda, 
12"  wall  after  3,  6,  and  12  pounds  niteoglycerin  and  25  pounds  tetryl).  The 
next  slide  shows  the  structure  after  this  shot*  The  inner  half  of  Wall  ”A* 
was  tipped  away  fron  the  blast,  but  the  central  cracks  which  were  formed 
after  tte  12  pounds  idtroglyeerln  teat  were  hardly  enlarged*  This  failta*e 
to  enlarge  the  creeks  apnerently  was  the  result  of  the  earlier  failure  of  the 
corner  reinforcensnt,  eo  that  the  wall  was  free  to  move  as  a  unit*  The 
outer  half  of  Wall  "A*  was  entirely  undamaged*  Wall  *D”  in  the  foreground 
here  suffered  the  moet  damage  of  tbe  four,  in  spite,  or  because  of  containing 
about  bidca  as  meh  steel  as  the  others*  Ttas  h^f  covered  with  the  scab 
piste  was  virtually  inteet  (although  tlltad)  except  for  the  concrete  loss  at 
Its  comer  with  Wall  ^**  In  contrast,  homavur,  the  other  half  was  almost 
completely  deetrnyed,  with  mtsellee  flung  up  to  20  yanis  frem  the  wall* 

(allda,  12*  wall  wmst.  side  after  foorth  shot)  Another  view  of  the  structure 
is  shown  In  the  mart  slide*  Ihs  inner  naif  of  Wall  ”B*,  becked  up  with 
earth,  waa  broten  ImU  «  |d.aeea  with  subatantial  loea  of  concrete  from 
the  steel  at  the  small,  'leee*  bough  orossure  was  transmitted  to  the 
earth  fill  to  burst  eat  w  'staining  boards  and  give  the  outer  wall  a  slight, 
pomanoot  east*  The  eorasr  hntusan  *B*  and  *0*  lost  concrete  only  on  the 
Inside  down  to  the  steel,  and  was  the  least  deugsd  of  the  tour  comers 
slnoe  It  was  bached  ea  both  faeas  with  oarth*  (slid*,  12*  wall-east 
side  after  fourth  shot)  A  third  view  of  the  structure  is  shown  in  the  next 
sUde.  The  innar  half  at  Wbll  *C*  mas  the  least  damaged  of  ths  four  inner 
walls,  showing  fragmentation  only  at  the  edges.  Although  it  was  nearly 
pliaeb,  the  outer  wall  had  a  llai  of  ah.  at  five  degreos*  All  three  of  the 
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uIb  ueinii;  railed,  but  no  8»rioua  ape'll inp  occurred  on  the  outer  wall 
Ofjposite  the  boass.  A.'-cin  t;»  srssc’U'C  on  the  earth  fill  burst  onen  tie 
retalrliig  boardr.  Fran  the  results  of  these  tests,  it  is  possible  to  drrn; 
a  nujnber  of  conclusions.  When  considering  double-wall  constructicn,  ths 
design  of  Wall  "A*  was  clearly  s’lperior  tc  the  others.  It  appears  that  the 
dirt  fill  serves  no  useful  purpose  and  has  the  dlsauvantage  of  transmitting 
the  force  to  the  outer  wall.  The  use  of  a  doubxe  roll  separated  by  an  air 
s^op,  with  one  w^U  oensidared  sacrificial,  appears  to  ofler  conslderabla 
porsihtlity  as  a  method  of  obtaining  protection  against  relatively  large 
quantities  of  explosives  without  h'ving  to  use  very  Rat-rf-ve  conereta  walls. 

The  advantage  of  a  aacrificial  wall  is  due  to  the  fact  that  it  requires  a 
great  deal,  more  enerer  to  destroy  «  wall  than  simply  to  spall  the  wall.  It 
also  appears  that  the  walls  should  not  be  tied  substantially  at  the  comers, 
but  rather  left  free  to  move  as  a  unit.  The  great  adva."*«go  of  an  in¬ 
tegrally-cast  steel  scab-plete  was  clearly  demonatrated.  Because  of  this 
result,  we  have  used  steel  scab-plates  in  a  number  of  locations.  Since  m 
still  had  two  undamaged  walla  left,  we  decided  to  continue  the  tests.  Tha 
next  test  was  designed  to  test  the  effectiveness  of  a  slngla  12*  concrata 
wall  against  blast.  The  tindanaged  portion  of  Wall  "A*  was  used  for  this 
test,  F'jr  the  first  shot,  15  nounds  of  nitrostarch  waa  datonated  3‘  frm 
the  wall.  Since  the  damage  waa  relatively  light,  thla  ah-*  vas  foUonmd 
by  two  more  of  27  pounds  e.ach  of  nitrostarch*  (slide,  12*  wall  aftar 
nitrostarch  t^sta)  The  wall  as  it  aopearad  after  these  testa  is  shown  In 
the  next  slide.  The  only  damage  to  tha  wall  was  the  fsRsctlcn  of  fine 
cracks  in  the  center  opposite  tha  charge*  These  cracks  actually  appeared 
dvxing  the  first  15  pound  detonation,  and  they  were  acarssly  anlargad  Iqr 
the  subsequent  large  detonations.  There  was  no  scabbing  of  the  opposite 
.^ace  in  any  of  the  shots.  The  last  test  la  this  series  was  made  to  teat 
the  effectiveness  of  an  anti- scabbing  device.  Although  ths  effeetlveneas 
of  a  3/6*  steel  seab-clato  heavily  anchored  into  a  conerete  wall  had  been 
demonstrated,  it  was  uncertain  that  such  a  plate  could  be  attached  to  a  wall 
already  in  oxlstence  and  orove  equally  effective.  When  an  aenllcattin)  In 
our  eperatione  arose  In  which  en  anti -scabbing  device  was  desired  but  not 
available,  we  used  ths  undamegsd  5"  wall  to  teat  the  effectiveness  of  a 
heavy  rope  blanket  in  containing  spalled  concrete  fragments.  For  this  test 

S  pounds  was  detonated  6*  from  thr  face  of  a  !>"  well,  (slide,  ^mll  after 
pounds)  The  jwxt  slide  shows  that  this  ehargs  was  very  effective  in  pro¬ 
ducing  the  required  fragments,  (slide,  rope  blanket)  The  next  slide  shewB 
the  rope  blanket  after  the  shot.  The  blanket  had  been  suspendad  looeely 
behind  the  wall,  and  it  succesafully  contalnad  essentially  all  of  tha  Arag- 
mento  produced  by  the  blast  although  the  blanket  was  tom  frem  its  support. 

As  the  slide  shows,  the  strands  were  stretched  and  parted  to  a  certain 
extent,  but  none  was  severed.  A  cardboard  wltnesa-plato,  idtleh  hsekad  up 
tha  rope  blanket,  showed  that  few  particles  actually  penstrated  the  blanket. 
From  this  test,  it  was  concluded  that  a  heavy  rope  blanket  could  bo  used  to 
contain  particles  where  scabbing  of  tha  concrete  wall  was  tha  maximtai  damage 
expected.  ( discussion  of  chart  and  test  results)  The  conditions  wldeh  were 
tsstsd  wars  plotted  on  ths  Corps  of  Enginaors  ohart.  this  Is  sfaom  on  the  next 
Bills.  Points  1,  2  and  3  represent  ths  conditions  apselfisd  by  ths  OBH  for  tha 
protootloo  of  personnel.  Ths  oonditions  for  point  1  ais  12*  of  eonersts 
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arid  13  pounds  of  axploslve  located  3'  (ran  the  wall.  The  conditions  for 
p<iint  2  are  30"  of  concrete  and  50  pounds  of  explosive  located  3*  fran  the 
wall.  Point  3  is  tor  a  36"  wall  and  70  ooiinda  of  eyoloslve  located  3'  from 
the  wall.  The  remainder  of  the  points  represent  the  eondltians  test^. 
Before  plotulng  these  points,  the  welrht  of  explosive  was  corrected  to  its 
TN'f  equivalent. 


TKSTS  ON  RESISTANCE  OF  cOIi’CRS-fE  TO  BLAST 


Point  Wt  TNT  Dist 

No.  Explosive  (Lbs)  Factor  Wall  Steel  (Ft)  Teat  Results 


1 

?  OSM 

-1  r 

(1) 

12" 

i  at 

12 

3 

- - 

2 

?  OSM 

50 

(1) 

30" 

^  at 

12 

3 

OEii  standard  for 
personnel  protection 

3 

?  OSM 

70 

(1) 

36- 

i  at 

12 

3 

— 

U 

mtroatarch 

15 

0.9 

12" 

i  at 

6 

3 

Fine  cracks 

5 

Nltrostareh 

27 

0.9 

12" 

i  at 

6 

3 

Fine  cracks 

6 

Nt  troglycertn 

7.7 

l.h 

5" 

i  at 

12 

Heavy  scabbing 

7 

Nitroglycerin 

6 

l«li 

12" 

1  at 

6 

Comer  damage  only, 
center  intact,  no 
eraeka 

8 

Nltroglyoerln 

12 

1.U 

12" 

i  at 

6 

Minor  central  cracks, 
no  spalling 

9 

Tetryl 

25 

1.3 

Weak-  f  at 
ened 

12* 

3/8*  plate 

3 

Scab  plate  intact, 
bare  wall  showed 
very  heavy  spalling 

lU 

PTopeJJjmt 

6.5 

(1) 

5- 

J  at 

12 

i 

Wall  perforated 
with  18”  dimeter 
iiole,  rope  blanket 
held  fragments 

From  these  remilts,  it  appears  that  the  damage  predicted  b]r  the  chart  la 
greater  than  that  aotuallj  obtained.  Baaed  on  these  results,  we  have  de¬ 
cided  to  use  this  chart  to  give  an  Indleation  of  the  damage  that  could  be 
expected  from  a  detonation.  We  currently  uae  the  chart  only  for  thoae 
condltiona  represented  by  the  central  portion  since  this  is  tha  area  eoverad 
by  our  teste  and  la  also  the  region  of  currant  intereat.  We  consider  that 
the  shaded  area  providea  adequate  peraonnal  protection  if  a  atael  aoab-plata 
is  usad  to  prevent  spalling  or  a  heavy  rope  blanket  la  used  to  contain  the 
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frstsr.ants.  The  araa  above  the  aotted  line  la  imee!  for  a  bars  con- 
''lete  wall.  Prcn  the  number  of  teats  we  have  run,  I  beHevs  It  is  obvloiia 
that  wc  have  only  "scratched  the  surface"  on  this  rroblo*  of  the  rsstStsaea 
of  concrete  to  blast,  and  that  more  eztcnslvs  tests  are  mwitad  This  is 
narticularly  true  for  the  conditions  represented  by  the  oT  the  chart* 

We  are  now  using  ths  chart  for  the  blr.pl «  reason  that  it  is  nsnlstary  that 
we  have  some  method  for  determining  concrete  reo-.-’te.'rce  aai  this  ehsrt 
represents  the  bast  Information  presently  Icnown  to  us.  as  fed.  that  the 
technique  used  by  the  OCE  in  constructing  ths  chart  ac^eahls  to  the 
problsn  of  detonations  close  to  the  wall,  and  if  adoivis^  tests  could  be 
made,  it  is  possible  that  this  technique  could  be  develspsi  into  a  very 
useful  and  generally  applicable  method  for  detemJ.nlng  tte  voteetiaR  sffcrded 
by  concrete  walls  exposed  to  high  peak  pressures. 

Hr.  Buxton;  Were  your  reinforcing  rods  welded  together? 

Mr.  Poe ter t  les. 


Hr.  Buxton;  Wes  it  s  single  or  double  weld? 
Hr.  foster*  double. 


Hr.  Endaley; 
Mr.  Fosteri 
Hr*  Bishofft 
Mr*  Fosteri 
Mr*  Marsht 
Mr*  Foetert 
Mr*  Hermant 
Mr.  Fnstwrt 
Mr.  Biakclft 


What  is  ths  depth  of  spalling  Inelds  the  eMele? 

1  don't  know.  It  is  Just  a  matter  of  an  Indi  or  so. 

Old  you  havs  reinforcing  rods  on  the  Inteiiar  of  the  well? 

I  can  tell  you  a  little  later*  I  can  check  the  drewlng* 

It  looks  as  if  there  is  only  one  wall* 

That  is  what  it  looks  like.  I  didn't  ran  these  tests  myself — 
Whac  was  ths  weight  of  the  charge? 

25  pounds  of  tetryl. 

What  was  the  scab-plate  and  how  was  it  welded? 


Mr,  Foetart  3/8*  scab-plate  and  welded  to  the  reinforcMBBt.  laddaRtally, 
tkLe  waiTalso  ccntcined  twice  as  much  rsinforeewent  as  the  ether  walla* 

Hi'.  Slshofft  How  long  had  ooncrete  cured  before  ran  f  it  to  the 

TiFSnSSU 


Mr,  Foat«*t  It  was  3000  pound  concrete  end  we  let  it  set  2B  days.  Vm  got 
testa  between  3200  and  3500, 

Mr.  Endaley:  Why  do  you  switch  from  tetryl  to  attrostareh? 
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Mr.  Foster;  I  think  John  KLtuijle  ran  these  tests  and  1  thldc  lis  had  nitrostareh 
hand;  at  the  time.  I  would  rtcv  like  to  tarn  your  attantton  to  the  results 
of  our  sfe idles  on  transparent  laboratory  safety  shields.  As  a  part  of  our 
research  activities,  new  high-energy  conpounds  are  eonidnually  being  synthesized. 
Many  of  these  conpounds  are  unstable  and  will  detonate  under  the  slightest 
provocation.  Since,  of  course,  the  swbilitr  of  a  e(niv«!r*d  is  not  know  until 
after  it  is  synthesized,  it  is  necessary  to  assur^  a  dutonatitm  almost  every 
time  an  experiment  is  run.  Because  of  this  detonation  ^obXen  and  becnuse  in 
a  chemistry  laboratory  it  la  nt«eeear.v  to  chanm  experimental  set-ups  rather 
frequently,  there  sedated  a  need  f^  a  relatively  llghio,  transparent  safety 
shield  which  would  protect  personnel  against  the  effects  of  the  detonation 
of  small  quantltlas  of  exploaivea.  Eznerienoe  had  ahow  that  coMmerei ally- 
available  laboratory  safety  shields  did  not  provide  the  neeesssry  protaotion* 

A  search  of  the  literature  revealed  that  here  again  the'**  were  few  data  that 
were  applicsble  to  our  problem.  Because  of  this,  we  de<r>.ded  to  ccnduet  tests 
on  a  few  materials  In  order  to  develop  e  suitable  shield,  ^anaperant  materials 
aalacted  for  testing  wuis  plazlglaas,  safety  glass,  and  glass  containing  a 
wire  mesh.  The  test  proceihire  was  to  clamo  the  material  to  be  tested  in  heavy 
angle-izon  frames.  The  charge  of  sxploslve  was  placed  in  a  glans  bottle  and 
suspended  at  a  known  distance  traa  the  shield.  Charge  wsLghte  used  varied 
from  5  to  50  grams  of  Comp.  G-li  •rd  the  distsncas  varied  fr'w  tS*  t-o  30*.  A 
shield  was  Judged  to  have  failed  if  a  fragment  penetretod  the  shield,  or  if  it 
solinterad  on  the  side  away  from  the  blast,  or  If  It  split,  cracked,  bulged, 
or  broke  to  the  extent  that  there  was  an  open  space  between  the  surfaces*  If 
none  of  these  condlUcne  were  obtained,  the  shield  was  assoMd  to  offer  sdequats 
protection*  Preliminary  screening  tests  revealed  that  the  three  sr.terlels 
selected  for  testing  gave  about  the  ssme  degree  of  protsetlon*  Since  plexiglass 
was  easier  to  work  with  than  glass,  it  was  aeleoted  ee  the  shield  material. 

The  next  step  In  the  program  we  to  determine  relation  between  the  quantity 
of  explosive,  the  diata.-:''w  from  ths  shield,  and  the  thickness  of  the  plexiglass. 
The  results  w  obtained  are  show  In  the  next  three  slides,  (slide,  f’’ 
plexiglass)  This  slide  shov.-s  the  results  we  obtained  for  i"  pleidglaas.  It 
is  a  plot  of  the  wsiirht  of  the  exploeive  as  the  ordinate  and  the  distance 
from  the  shield  as  the  abscissa.  The  weight  goes  from  0  to  ^  gram  and  the 
distance  goes  from  0  to  30*.  The  circles  signify  proteetian  and  the  X*8 
signify  failure.  In  general,  more  than  one  teat  was  mads  at  each  condition* 

From  thle  chart,  you  can  see  that  rather  large  dletaneee  are  required  to 
provide  protection  against  more  than  5  or  10  grams.  Since,  because  of  the 
standard  size  of  lab  beiKhes,  it  Is  not  praetieable  to  um  distances  over 
about  a  foot,  J*  plexiglass  Is  not  eetlsfactory  for  quantittes  over  about  10 
grama*  From  the  chart  you  can  see  that  there  is  sene  scatter  in  the  data* 

For  example,  you  may  get  a  protected  point  and  then  a  series  of  failures  for 
increasing  distance.  This  scatter  la  believed  to  be  due  primarily  to  the 
variability  of  the  fragmente.  We  found  that  the  major  cause  of  the  damage  to 
the  shield  appeared  to  be  due  to  fragments  rather  than  the  blaat  wave.  If 
tha  ahiald  is  tested  under  fragiu.->nt  free  conditions,  the  distance  requirsd 
tor  proteetian  against  a  given  charge  is  reduced.  Altamatlvaly,  if  steel 
fragments  are  generated,  there  is  considerable  queetloa  as  to  whether  a  trans¬ 
parent  aafety  shield  can  be  used  to  provide  the  required  protection.  Since 
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glass  fragments  ara  the  most  conmcn  in  a  laboratory,  tbs  bulk  of  tbe  tests 
'..ere  made  vith  glass  fragments,  (next  slide)  This  slide  gives  tbe  resiilts 
of  the  toete  on  3/"”  plexiglass,  "iie  ordinate  and  the  idwelBss  are  the  same 
as  befoie,  weight  of  explosive  and  distance  of  the  charge  froa  the  shield. 

From  these  results,  you  can  sea  that  3/8*  plexiglass  eonld  be  used  to  pro¬ 
tect  against  approximately  25  grams  >u:£  «tlll  fit  on  tbs  lab  bracdi.  (next 
slide)  This  slide  gives  the  results  of  the  ie.sia  rw  ^dexlglass.  f* 
plexiglass  can  also  be  used  to  protect  against  2p  grsax,  but  the  distcnces 
req'Jired  for  protection  against  5o  grams  are  still  quite  large.  It  vaa  also 
found  that  for  SO  grains  of  6xpla3i''e,  movement  of  the  ^.^deld  beccnes  a 
problem.  Unless  a  very  heavy  shield  is  used.  It  is  necessary  to  tie  tbe 
shield  to  prevent  excessive  movement.  Based  on  the  results  of  tnese  tests, 
it  was  decided  to  standardize  on  two  shields,  one  shield  to  protect  against 
5  to  10  grams,  and  one  shield  to  protect  against  25  grams,  (next  slide)  The 
next  slide  shows  the  light-duty  shield.  The  shield  is  cflnposed  of '  pHexl- 
glass  sheet  in  a  frame  of  welded  aluminum  channel.  Corx  gaskets  are  used  to 
prevent  stress  concentration.  This  shield  weight  is  21i  pounds,  (next 
slide)  The  next  slide  shows  the  medium-duty  shield.  This  ahiald  consista 
of  plexiglass  shaet,  also  in  a  frame  oi  welded  alaalnw  choinol.  This 
shield  weight  Is  30  pounds.  The  shield  is  mads  in  a  "V*  riiape  to  provido  some 
degree  of  side  protection.  The  plates  you  sea  in  the  center  are  access 
openings  for  the  installation  of  a  manipulator  to  tarn  stepeecks.  It  was 
decided  not  to  provide,  at  this  time,  a  shield  suitable  for  SO  graas.  A 
suitable  shield  for  50  grams  can  be  provided,  but  tbs  wsight  bseemes  eixcssslve, 
and  for  the  present  we  do  not  have  a  need  for  a  50  gran  ehisld. 

Mr.  Saffiant  Havs  you  considered  butieite^ord-liKite  in  your  tests? 

Mr,  Foster;  Ko.  Ms  didn't  consider  it.  We  saw  your  results  on  that,  and 
for  reasons  I  don't  know  about,  we  selected  plexiglass. 

Mr,  B|«ton;  Did  I  understand  you  to  say  that  ths  shield  material  was  in  a 
frame? 


Hr.  Fosteri 

Hr.  Buxton; 

Mr.  Fcsteri 

Mr.  Buxtont 
stationary. 


The  shield  material  was  in  a  frame— a  heavy  fims. 

But  it  could  not  move? 

That  could  very  well  be,  because— 

This  could  have  a  tronendous  effect  on  tbs  force  If  it  was  not 


Capt.  Jankinai  T>te  missiles  would  get  there  first. 

Mr.  Fostert  That  is  right.  We  ran  cur  final  tests  on  tUs  actual  sat-vp 
thai  is  shown  here,  and  they  did  protect  the  points  over  Hw  or  eight  tes';s. 
We  also  made  some  high-speed  movies  to  see  how  fast  the  ^eld  did  muvs 
it  was  a  very  slow  movement.  The  25 -gram  shield  '.*111  tilt  ovar  unde,  the 
25  grams. 
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Hr.  auxton;  This  would  answer  my  question.  Was  the  shield  movl:-^  before 
it  pot  hit  with  the  missile? 

Mr.  Jeselc;  Did  I  understand  you  to  say  that  you  were  transporting^  explosives 
in  your  lab  in  glass  containers? 

Mr.  Foateri  No.  That  is  a  whole  different  subj.-  t.  This  is  the  actual 
synthetic  set-up  that  we  have  for  synthesizing  the  chei.ieai,  and  the  .eason 
for  selecting  glass  fragments  is  to  simulate  bealrere  and  such  things  as  that. 

Mx-«  SUiukey;  Ws  made  aome  pretty  sxtenaive  tests  of  high  explosives  on 
plexiglass.  We  never  considered  those  real  thin  sheet,  we  used  1*.  Wis  blew 
two  tetryl  boosters  under  this  one  tine  which  produced  both  heavy,  natal 
f ragmen ta  and  about  a  tenth  of  a  pound  of  exploelve.  V:  never  had  any 
troutde  holding  then,  but  once  we  had  had  an  explosion  in  it,  if  you  put 
a  second  charge  even  half  that  size  in  it,  it  fragmented  and  blew  up.  Now, 
tiiu  h'  at  of  an  exploeion  has  a  lot  of  effect  on  the  plexiglaBa*~evidently 
it  does  something  to  it. 

Mr.  Foeteri  Did  you  say  that  we  have  troutla  with  steel  fragments? 

Hr.  tucker  I  No,  but  we  also  mansged  to  hold  the  five  pounds  of  tetryl  with 
glass  too. 

Mr.  Buxton t  Tills  is  a  little  off  the  aubjeet  as  you  presented  it,  but  do 
yew  loiow  miythlng  about  the  effect  of  dilution  eyetenatieally?  One  can  tall 
how  mxich  protection  he  gets  by  working  in  a  dilute  solution? 

Capt.  Jenkins I  I  didn't  hear  that. 

Mr.  Duxton.  I  asked  about  the  effect  of  dilution.  In  other  words,  we  are 
m'aklng  a~&enteal  for  the  first  time  and  we  would  like  to  protect  ourselves 
by  working  in  a  dilute  solution^  That  ie  quite  frequently  possible.  What 
I'm  wondaring  is  if  there  la  any  systematic  way  of  getting  any  idea  of  how 
much  protection  you  could  obtain  by  •'clng  so. 

Hr.  Foatert  I  don't  know,  Tho  procedure  we  use  ia  to  ccnslder  that  you 
get  no  reSuction  in  force. 

Mr.  Buxtont  I  think  seme  other  people  are  using  this  principle,  but  they 
wun^t  have  trouble  if  it's  dilute  with  solvent  or  something  like  that. 

Hr.  Foateri  That  it  would  not  bo  likely  to  detonate  in  that  ease.  Is  that 

rlghir 

Ml-.  Buxtoni  (Ni  yea,  it  la  surely  to  bum. 

Mr.  Fostert  See,  the  thing  is,  we  are  assuming  a  deUinatlon.  Via  don't  kni.;* 
if  it  will  or  it  will  not. 
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Cant.  Jenklnai  Dr.  Ball,  would  you  like  to  add  somethin?  to  titat? 

Dr.  Sail;  I  think  maybe  you 'to  got  answer  on  that.  If  tiie  stnlT  is 
acFually  in  solution,  you're  not  going  to  get  a  detonation.  Knnewnn,  If 
you're  gnt  a  suspension  tliere,  you  might  still  have  larouhle. 

Mr.  Ftophy;  The  manipulating  apparatus  that  you  .  ^ifsrrod  to  idien  you  pointed 
out  the  access  hole.  What  material  is  it  made  of? 

Mr.  Fostert  It  is  steel. 

Mr.  Murphy  1  Did  you  run  any  of  your  tests  »4th  tbs  manipulators? 

Mr.  Foster;  We  ran  slth  the  manipulators  and  it  did  ce^  oat. 

Mr.  Brlnkleyt  Mr.  Foster  was  talking  about— and  Mr.  Saffian  caiwented  on— 
this  la  a  eord-buticite.  I'd  like  to  Inform  all  personnel  hare  that 
Plcatinny  Arsenal  published  five  technical  reports  on  the  use  of  eord-battcits 
in  relation  to  barricade,  beeauae  they  have  more  probleu  up  there  than,  I 
believe,  any  installation  in  the  country,  relative  to  detonators,  tetryl, 
lab  works,  and  operations  involvlrig  explosives.  If  any  per«:»i  here  is  g^ng 
to  do  any  lab  work  that  requires  operational  shields,  X  think  those  reports 
are  a  necessity,  if  you  want  to  protect  your  personnel.  If  Vm  not  mistaken, 

I  think  cord-butleite  is  made  by  Rohm  &  Haas.  It  la  very  espansLve,  «d  I 
don't  think  you  people  need  that  much  protection  down  there  st  Roha  4  Haas 
in  your  Isb  in  the  quantities  ir>Tolv«d.  I  agree  with  yon  on  that  point. 

Dr,  Amatert  Tou  did  acme  work  at  Rohm  tc  Haas  on  safety  glasses.  What  kind 
did  you  finally  decide  beat  to  be  used?  Do  you  know  about  that? 

Mr.  Foater?  Tea.  That,  incidentally,  has  been  published.  Ik  use  a  mine 
safety  appliance  called  "soft  side  goggle".  The  infomatiai  from  the  tests 
we  made  Is  thisi  we  tested  a  idiole  series  of  goggles  uslsc  a  dspertnent 
store  manikin  with  cotton  to  simulate  the  eyes,  and  ww  wuald  tsk?  =  r-r-±=t 
motor  and  let  tiie  flans  from  the  motor  actually  go  right  late  tiie  fhoe.  Then 
we  would  check  It  to  see  if  the  cotton  was  scorched  or  anythfaa,  Wa  did  tills 
from  face  and  on  the  side.  From  the  results  of  these  testa,  ua  found  that 
this  mine  safety  appliance  soft  aids  goggle  was  the  beet  one*  Tou  can  get 
the  sane  protactlan  with  rubber  goggles  or  acid  goggles,  but  those  are  un¬ 
comfortable.  Nomal  safety  glass  and  llttls  visors  and  thlags  like  that  will 
not  give  you  the  same  protection. 

Capt.  Jenklnai  Mr.  Jassk  Informs  me  that  Mr.  Bnmlebovg  from  Mine  Safety 
Ai^lianees  Is  hare  today.  Anyone  who  wants  to  know  more  iafsrmatioa  on 
aafety  goggles,  Mr.  Burnieburg  could,  no  doubt,  answsr  your  qaestians 
privately  if  you  want  specific  Infozviatlcn  on  it.  Hr.  Ung? 

Mr.  ig.ngi  Oetting  back  to  this  morning's  work  on  the  eublele  cmstmetiaB- 
do  you  recall  the  pressure  calculations  that  y«i  fssr  tbs  3  ptmnd 

charge?  I  think  It  was  18"  from  the  wall,  or  was  it  3'? 
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Hr.  Foatart  It  waa  2^'  trm  ths  wall. 

Mr.  IClngt  What  preasurea  do  you  think  you  had  afralnst  the  wall? 

Mr.  Foator;  It  ia  not  insluded. 

Mr.  Klnf;t  The  reaaon  I  aaked  waa  th»t  w»  hao  'ome  test*  that  indicated 
Eh' t  the  ordinary  1*  wall  wenld  only  he  goad  for  li  Uk  ek  pounds  I  otlieTB, 
baaed  on  the  impulse  from  V-he  cnarge  of  about  1  t»  5  pounds. 

Mr.  Foatert  The  preaaurea  we  are  talking  about  are  up  in  a  range  quite  high, 
much  higher  than  ju  pounda  pel  that  we  were  talking  about  before. 

ItCdr  Buckles!  Aa  a  matter  of  interest,  in  our  igniter  r^eparstion  building 
in  the  cast  area,  we  uae  3/8"  plexiglass  shield*.  As  a  rastdt  of  an  In¬ 
spection  that  was  made  down  here,  it  was  reconnendsd  that  we  run  a  test. 

In  the  test,  we  erected  a  3/8"  plexiglass  shield  that  was  supported  at  the 
top  end  the  bottom,  and  we  used  150  gram  igniter  intact,  placed  thrae  inehas 
from  this  plaziglasa  and  we  let  ff.jr.  All  we  did,  I  wilitk,  waa  to  slightly 
craasa  and  discolor  the  nlexiglase.  We  had  no  penetration  whataoever.  This 
is  a  point  of  intarast. 

Capt«  Jenld.net  Thank  you  very  much,  Cdr  Bueklss.  Mr.  MoUoy,  who  is  the 
Aatrodyne  rapreaentativa,  hag  the  next  item  on  the  agenda. 

APPLICAblLITT  OF  EXPLOSIVE  SAFETT  MANUALS  TO 

CONSTRUCTIOM  AND  OPEPJITION  OP  A  SOLID  PROP^ILUNr  PlAJJ? 

By  J,  J,  Holley 

No  single  factor  exerta  more  effect  upon  a  solid  propellant  operation 
than  the  aafaty  proeedurea  under  which  work  is  performad.  The  objeetiTas  of 
sefet;'  sre  veil  undsratoc-d,  but  tlna  Impact  of  aaiaty  maaauras  thenselres  tends 
to  be  uiidercstLnatad  by  persona  unfamiliar  wi^h  Industrial  opsrationa.  Like 
ths  inabsirg,  only  a  amall  fraction  of  the  total  safety  picture  is  Tlsibla  to 
the  casual  obaarrer. 

The  Ordnance  Safety  rfaniutl  (T.O.  UA-l-Li-  and  ORD  M7-22a)  is  our  major 
regulatory  exploalTes  aafaty  publication  and  eontraetural  obligations  rsquire 
us  to  closely  fi'llaw  the  Manual  as  a  standard  for  safety  in  the  construetLon 
and  the  openttian  of  a  solid  propellant  plant,  although  it,  the  Manual,  is 
in  some  areas  onlsslma  and  inaoplleabls  for  the  productlsn  of  solid  pro¬ 
pellants.  For  instanea.  In  some  cases  raaaareh  and  datelopment  naada  for 
solid  propellants  are  not  raeognizsd  at  all,  in  others  thay  are  eoeered  only 
in  part.  TFla  lack  of  standards  or  guidance  naculiar  to  our  needs  creates 
adverse  situations  idiareln  the  contractor's  progress  and  production  sre 
delayed  during  ths  long  time  consuming  proeaesee  of  obtaiMng  official 
of  some  operational  davalopment  not  spa^fieally  eorered  by  the  Manual. 
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Let  me  review  some  of  the  problems  currently  experlneed  alon^  these 
2i.neM.  When  our  pl<^nt  was  conceived,  the  original  <A.jee!li8  ms  to  frodme 
a  low-cost  propellant.  It  was  realiaed  that  to  ae^onpUali  this  end,  it  would 
be  necessary  to  exercise  a  high  level  of  .judgment  In  the  field  of  eocptLoalve 
safety.  The  most  fundamental  viewpoint  expressed  by  alt  eoacamad  dnrln?  the 
building  of  xhla  plant  was  that  all  planning,  polices,  and  applieatioB  or 
Interpretations  of  safety  regulations  would  oe  Ue-nd  iinoa  a  ccnatruettve 
analysis  of  actual  need,  rather  than  upai  a  rigorous  ap.iilGatlon  of  sofiaty 
practices  and  regulations  developed  for  use  in  ordnance  ahall  loading  plants 
aiKl  high  explosives  works. 

As  an  example  of  the  use  of  Judgment  in  producing  law  cost  propellant 
versus  literal  application  of  regulations,  we  have  this  attaationt  An  WSS 
aging  study  of  Ij  pounds  ef  arriiwiijm  nitrate  propellant  reqaires  six  weeks 
exTMSure  to  7(PT  at  30  grains  of  moisture.  Thea*  condiHguB  u«  available 
in  one  service  magasina,  at  conditioning  facilities  in  cm  test  area,  and  In 
our  operating  buildings.  Yet,  literal  interpretation  of  Manual  does  not 
allow  the  performance  of  this  small  aging  study  in  any  et  these  fseUltles 
uecause  it  ylulatea  the  intend -d  usage  of  them.  Is,  thea,  eonplianee  with 
regulations,  In  swch  a  minor  matter  where  no  appreciable  Increase  in  hazard 
is  created,  so  Important  as  to  .justify  the  construction  nf  s  new  dehnnidlfled 
Slid  controlled  temperature  area,  merely  to  conduct  occavtaeal,  small  HfiH 
aging  studies?  We  think  not,  however,  o*ir  opinion  is  defbefeed  3^  tiw  apidication 
of  regulations. 

•Vupercus  agreements  w  re  reached  In  Joint  conferences  of  Mllitarx  and 
the  contractor  regarding  set  of  ground  rules  for  the  ogeredop  of  the  plant. 

It  le  significant  to  not .,  during  this  period,  the  OrdnaKS  Mamal  was  used 
as  a  guide,  but  Its  re^olrements  were  tempered  by  the  Judpmit  of  the  safety 
grouns  involved. 

Subject  to  these  agreements,  the  task  was  the  dssiga  ef  a  Pilot  Rant 
and  Manufacturing -Control  plant  for  ecmposlte  propellant  developnent.  Two 
primary  objectives  were]  (1)  To  construct  a  versatLis  dasaltnuient  facility, 
capabla  of  handJlng  any  of  the  known  composita  rocket  prepdlants,  ladudliig 
Class  9  explosive  materials,  (2)  To  lay  o<]t  an  efficient  mafaetuting  line 
in  a  manner  consistent  with  logical  explosive  safety  praetSsss*  To  achieve 
these  objectives,  a  staff  of  supervisory  and  technical  pazscmel  were  re<- 
cruited  who  ccild  offer  s  bseke-round  '<f  direct  and  substawUal  experience  In 
propellant  and  explosives  manufacture,  or  in  the  fabrlea'ilefe  ef  iteme  requiring 
explosive  campon  mts.  They  were  apprised  of  the  agreement  that  the  tradltloiial 
rules  and  regulations  developed  for  explosiven  works  and  cMU  loadlrtg  lines 
under  Ordnance  Corps  Jurisdiction  were  to  be  foUeved  Judtcdmely,  not 
bid  rally.  The  result  of  their  work  embodied  the  principle  ef  assur-iag  adequate 
safely  without  unduly  sacrificing  efficient,  low-eoet  opanttens. 

Plans  for  the  Pilot  and  Manufacturl;tig-Control  plant  wtfi  reviewed  and 
it  was  agreed  the  proposed  leyouts  did  not  follow  a  literal  laterprefatlon 
of  the  Ordnance  Manual.  The  plans  ware  accepted  without  wafteriel  change, 
however,  and  it  was  agreed  that  good  .judtpnent  had  been  aeiiied  in  the  station 
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of  the  problem.  However,  time  went  on  there  became  a  ^ey  arc-’  in  safety 
concept  due  to  the  rapidly  ehanping  field  of  solid  propellants.  Theae  changes 
in  safety  roqulranonta  seriously  hamper  plannirig  of  proposed  developnerit 
operations,  delay  scheduled  work,  and  greatly  increase  the  cost  of  operating 
the  solid  propellant  plant. 

The  importance  of  effect! va  safety  scasarcs  •  v  the  cperitisn  cf  a  ulant 
is  obvious.  Every  Industrial  plant  is  potentially  hazardous,  and  these 
hazairls  are  magnified  where  oparatlojis  Involve  explosi/es,  B\it  this  is  not 
the  same  thing  as  saying  that  a  safety  procedure  need  1*  published  for  avery 
detail  of  every  process.  Cotmon  sense  argues  for  employing  practical  safsty 
measures  tailored  to  the  requirements  of  spaelfie  situations.  For  example: 

A.  In  our  research  laboratory  rooms  there  are  hundreds  of  pieces  of  scientific 
eqi.'lpment  such  as  snectrophoimiieters,  spectrographs,  mlcromerographs,  visco¬ 
meters,  calculators,  ualoiiuas,  uelorlneters,  etc*  The  quantities  of  propel¬ 
lant  tested  in  this  equipment  is  vary  aaall*  This  equipment  is  to  cur  know¬ 
ledge  available  only  with  general  purpose  ^setrlcnls—general  purpose 
electricals  that,  in  some  cases,  are  not  available  with  Underwrltara  Labora- 
torles*  ai^prov&l.  Following  Paragraph  UI3*h.  of  the  Manual,  it  is  necessary 
an  axsmptlon  be  prepared,  wMch  euUila  listing  and  justifying  individually 
each  piece  of  this  scientific  eofdjaient,  frer  Scrsgrsph  6C2  of  the  Manual* 

Since  the  use  of  such  general  porpoee  slcetrleal  equipment  with  small  quan¬ 
tities  of  propellants  in  researeh  laboratories  seons  cceraon  in  solid  propel¬ 
lant  Industry'  thremghout  the  nation,  it  Is  felt  that  the  processing  of  this 
complex  exemption  serves  little  purpose*  It  adds  no  safety  control  or  in- 
provonent.  Regulations  regarding  research  laboratories  are  not  mentioned  in 
the  Manual.  With  new  and  expanding  laboratories  in  the  Industry  1 1  seens 
that  they  shoild  merit  recognition.  If  they  are  to  be  subject  to  millwry 
explosives  safety  regulations* 

B*  There  are  many  opinions,  which  due  to  varying  interpretations  of  the 

Manual  (particularly  Paragraph  2$0),  causes  conAision,  inconsistency,  and 

iacK  of  a  guiding  principle  as  ta  the  tjr~,/a  of  porsonnal  pi'oteCtlon 

shielding)  needed  at  operations  such  sat 

1*  Mechaitlcal  machining  of  propellants 

2*  Preparation  of  ooddizsrs 

3*  Charging  mixes  through  screens  to  the  mixer 

It  is  felt  tills  matter  to  be  one  worthy  of  more  specific  attention  in 
saTety  regulations  as  it  is  understood  that  operational  shtsldlng  differs 
among  solid  propellart  manufacturers* 

C.  We  have  sn  R2S  t«jst  area  in  which  the  following  tests  and  atudlee  sre 
conducted: 

1*  Static  firing  of  smaller  eotors  in  fully  barrioaded  (including  the  over¬ 
head)  calls* 

2*  Environmental  testing  (rough  handling,  altitude,  salt  cpray,  etc.)  of 
motors  and  igniters * 

3*  Temperature  cycling  and  conditioning  of  eotora  and  igniters* 
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An  exenption  fron  Section  19  of  the  Manual  la  neeeasarj'  1b  order  to 
tdmpeirature  cycle  and  condition  propellent  and  Ipnitara  in  the  sane  cell* 
Nunerotis  tamperctures  are  required  by  varloua  contracts  and  it  is  roqtdred 
tiiat  all  compenenta  of  unite  be  cycled  and  conditioned  under  identical  elr- 
cumstancea.  It  ia  felt  that  thla  cycling  and  eonditicning  is  not  storage  per 
30,  but  a  process,  Just  aa  In  on  operating  line,  and  as  such  should  not  bsi 
subjected  to  the  storage  compatibility  tables,  fr' j  1^  a  Batter  that  needs' 
to  be  more  clearly  defined  in  our  regulations.  The  previsions  of  neitl.er 
Section  IS  nor  Section  28  of  the  Manual  are  suitable  for  sudi  an  area,  and 
since  these  tests  are  essential  to  H&D  woric,  a  new  concept  of  a  tast  area 
is  needed. 

Theee  are  repraeantatiife  of  the  problems  and  eonflieta  ue  encountarsd  in 
the  application  of  tho  Manual  to  solid  propellants  operrUona.  It  la  recog¬ 
nized  and  aopreclated  that  the  bulk  of  tbe  Manual,  contains  the  excellent 
safety  provisions— provisions  which  are  idfoleheartedly  supported  and  azor- 
clsed  by  ua.  However,  our  plant  has  been  allowed  to  deviate  from  certain 
provisions  of  the  Manual  and  our  common  sense  approach  has  not  sacrificed 
basic  safety  in  any  of  our  operations.  This  statement  is  supportad  by  the 
fact  that  our  plant  has  worked  since  1953>  ll,7Ui>ltl6  manhoors  without  serious 
disabling  injury  or  fatality.  A  review  of  our  plut  froijuirry  and  severity 
rate  Indicates  we  are  lower  than  all  other  industries  who  have  operattons 
s.'jttllar  to  ours.  As  an  example: 


Comparative  Injrary  Ratee 


Industry 

1 

1 

SvVimTx^T 

McGregor  Plant 

2.27 

39 

Aircraft  Hfg. 

2.30 

251 

Rropellant  (Powder) 

2.35 

3265 

ChemiCF.l 

3.73 

535 

All  Industries 

6.81: 

795 

PotrolsuB 

7.69 

827 

ins  of  improving  our 

arc  ssactsntl; 

sought.  Therefore,  we  feel  that  due  to  tne  ever  enanglng  teehnology  the 
field  of  developing  solid  propellants,  it  is  necessary  that  all  planning, 
poUeisa,  and  appUeatLon  or  interpretation  of  reguletlons  be  baW  upon  a 
eonstrueUvs,  reasonable,  and  judicious  analysia  of  the  aotaal  need. 


Praetloal  ground  rules  governing  solid  propellant  safe^  mat  be 
foznulated,  and  of  prims  Ixportanoa  is  the  recognition  end  aoe^rtanee  of  tha 
principle  for  the  use  of  so^  judgment  rather  than  unyielding  ineistenee 
upon  metic'iloua  eonplianee  with  a  puKLl  cation. 
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I  sincerely  hope  this  discussion  hns  created  sane  interest  for  all  who 
are  6nj;?aged  in  the  manufacture  of  solii  propellants  to  onnlyss  and  study 
tl'.e  critical  need  to  establish  definite  practical  safety  rules  to  he  used  in 
ex'^losives  operations  in  the  solid  propellant  field, 

Mr.  Bishoff:  I’ll  bet  you  all  thougni  Lhn*  Hr.  Molloy  wcs  tal>d.ng  about  an 
Ordnance  installation.  Actually,  I  belies*,  that  -•.•3  rase  is  this:  during 
the  war,  Bluebonnet  Ordnance  Plant  at  McGregor,  Texas,  was  a  bomb-loading 
plant.  I  can  voucli  for  thds;  I  happened  to  be  statJonco  there  then.  After 
the  war,  the  plant  was  closed  down  and  was  turned  over  to  the  Air  Force, 

Mr,  Molioy  was  operating  under  an  Air  Force  contract.  I  certainly  appreciate, 

I  Uiiiik,  the  plug  for  ihe  Ordnance  Safety  Manual,  but  I  have  no  Icnorwledga  of 
all  tha  trouble  it  has  given  Plant  No,  66, 

Mr.  Molloy:  Wall.  Mr,  Bishoff,  I  wouldn't  say  that  it  has  given  us  a  lot 
of  trouble,  I'm  .lust  bringing  up  some  proWens  that  we 'vs  encountered  that 
we  feel  other  manufacturers  have  encountered.  They  have  been  discussed  and 
their  areas  we.-«  not  published  by  the  Manual  or  covered  by  any  other  regulations. 
When  it  leaves  It  up  to  interpretation,  there  are  many  interoretations. 

Mr,  Endaley;  You  are  speaking  of  an  age-old  problan  that  I'r.  suro  most  of 
us  heard  i’rrm  coast-to-coast  and  from  overseas.  It  isn’t  new  or  it  isn't 
unique,  f.’olther  can  any  ro.  ulation  or  any  document  written  today  be  applicable 
tonorrowr  No  one  has  intended  this,  I'm  sure.  As  you  can  all  witness  by 
the  discussion  here,  there  are  new  things  coming  in  each  day  that  require 
changes.  There  are  procedures  for  these  changes,  and  that  is  all  you  have 
to  do, 

Mr,  Jezek:  I  had  a  question,  but  Fred  Bishoff  answered  it.  I  was  wondering 
who  was  giving  you  all  these  waivers  because  we  nandle  them,  and  I  haven't 
seen  one  come  across  my  desk. 

Mr.  Molloy;  Actually,  w  think  we  have  had  very  few  waivers  and  only  two  or 
three  exemptions  that  I  know  of.  I  p  WC  j* TIVC  living  with  the  Manual, 
and  we  are  using  it  as  our  guiding  principle.  We  are  advocating,  rather  than 
a  real  tight  literal  interpretation  of  the  Manual,  where  the  area  of  new 
things  have  been  coming,  up  every  day  In  our  ro»eai*ch  »nd  development  effort, 
the  common  sense  of  the  people  available  or  a  practical  solution  to  use  for 
the  problem.  Where  the  big  problem  lies  is  this:  the  people  who  originally 
discussed  the  problem  and  made  the  decision  msy  no  longer  be  there.  Then, 
wlien  scnieone  else  cones  in,  your  practical  solution  isn't  quite  as  praetleal 
to  him. 

Capt.  Jenkins;  Pram  ny  own  experience,  I  think  that  common  sense  Is  used 
many,  many,  tlRes  in  Judginf;  these  things.  Sometimes  people  think  it  is  toe 
cor.plloated,  but  I  s-cc  it  iisjectcd  int-p  the  picture  a  lot.  Maybe  you  don't 
hit  ever,7one,  but  you  have  -■o  have  a  standard  guide;  there  can  be  deviatierj 
when  based  on  common  sense,  good  judgment,  and  the  other  factor^,  like  that, 

Mr,  Molloy;  Well,  one  stattiient  that  I  would  like  to  maire  is  tliat  we  are 
fortunate  that  we  luve  )iad  Kr,  Shaw  right  at  the  plant  with  us  and  we  can 

153 

UNCLASSIFIED 


UNCLASSiFiED 


make  these  rieclslons.  He  c"n  heliD  sneed  un  the  procesee?. 

Cant,  Jenkins;  Just  one  more  nur^tlrsn. 

Hr.  Seine!  I  believe  about  four  years  *»’  ■  -rr'il  lot  of  people  arssnt  an 

avful  lot  of  time  workinp  up  some  rtrtiprr  Is  Kamial,  brinplnf^  it  up 

Jote.  I  wonder  whatever  happened  to  t\.  ■ 

fr.  Holloy;  I  can't  an.-^r  that  question. 

Cart.  Jenkins;  Mr.  Queen,  haven't  you  been  nr  hin  the  revtstona? 

Hi-t  Queen;  I'm  not  so  sure  that  i  unoerstand  ',.te  ouestlcn.  As  far  as  re¬ 
visions  are  concerned,  we  are  constantly  in  th-=  pre^ess  of  revlsine’  the 
Ordnance  Safety  Manual.  We  tiavo  eight  ohani'es  t'’  oste,  or  at  least  the 
eighth  one  will  be  out  in  a  matter  of  weeks-  There  viii  probably  be  a  ninth 
one  following  closely  on  its  heels.  So,  beyoo-  'i  lat  point,  as  far  as  the 
specific  field  that  wv  are  talkinr  about,  solid  propellants  is  concerned, 
that  is  not  so  far  along— at  least  in  the  -oe- polite  rar.re, 

Mr.  E.  E.  Katcher.  SuOrd,  h'avy;  This  v'  of  Safety  *cm;j;sls  has  been'  one 

which,  i  think,  plagued  the  people  in  solio  ,  /-/ellants  for  the  last  ten  years. 
The  M^uals  that  exist  dc  not  adequately  oov'!-  the  arcar  such  as  Mr.  Mollny 
brought  up.  New  plants  or  new  onerations  h?v-  always  raised  these  qaestions 
as  to  what  classiflration  and  what  safety  criteria  should  be  used.  The  existing 
documentation  Just  barely  covers  rudimentary  p/i delines.  I  think  wiiet  we 
need  and  I'd  reconmend  that  wa  atterrot  to  do  tois,  is  to  cflmblns  Amy,  Navy, 
and  the  .Mr  Force  safety  requirements  into  ?  si  ^gle  nilitary  standard  Manual. 

Me  have  done  quite  a  bit  of  s'tandardizati  oo  i  n  last  five  to  ten  yeers  in 
many  areas.  I  think  tHo  is  one  which  needs  ^ -  ncentration  of  effort.  The 
objective  of  this  meeting,  "Irends  of  FUghly  Explosive  Propellants,"  is  w«t-/ 
timely.  T  thirk  one  of  the  thiriir-  coring  out  of  this  meeting  should  bo  a 
real  strong  effort  into  brlnglr.g  up-to-date  the  requireisente  and  the  needs 
of  industry,  and  keeping  them  current.  Somebody  mentioned  four  years  for 
changes.  This  is  haidly  adequate  for  a  -.cTi:'.g  luduelry  like  this  is.  We  need 
them  at  least— I  *d  say  the  maximum  is  once  a  yr«.i',  if  not  every  six  i^inths, 
to  bring  up  the  needs  and  questions  and  the  accidents  which  occur  which  pof^t- 
out  the  ne^  for  changes.  I  don't  believe  that  we  have  been  doing  as  much; 
as  we  could  in  this  area. 

Capt.  Jenkins  s  T  hel-'mxe  you  mentdrined  earlier  about  the  nesd  for  more 
expeditions  delivery  of  Incipient  reports.  Were  yon  Uis  one  idio  mentiLoied  that 
to  me? 

?tr.  Katehert  The  objective  is  in  having  each  organisation  that  is  working 
in  the  field,  whether  Government  or  private  contractor,  subiit  their  result  j 
In  real  brief  form,  foi-  each  accident,  its  causes  as  detemlaed  at  that  pof  at, 
and  the  corrective  actions  and  recommndations  that  were  necessary.  This 
Infcmation  could  be  sent  to  SETA  ^rtio  rormnlly  sends  out  abstracts  of  Infor¬ 
mation  reaching  tliem  periodically;  but  at  the  end  of  the  yaar,  I  would 
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recorr-iend  that  a  volume  be  prepared,  prexerably  by  SPIA  or  the  Explosive 
Safety  Board,  and  distributed  to  each  and  every  orrranlzation  woricinf:  in  the 
critical  field.  This  volume  could  contain  the  results  of  all  the  accidents 
prooerly  tabulated  and  correlated  so  that  we  could  vain  the  bMiefit  and  save 
lives  and  property.  This  is  sonethlnr  that  has  disturbed  mm  fur  the  oast 
five  or  six  years,  and  I'm  rlad  to  zn*  that  this  meetinp  is  aimed  at  that 
objective. 

Capt.  JerJcins;  Tliat  subject  was  an  item  on  the  af;enda  of  the  Board  mane 
months  sf’c;  and  as  a  reault  of  tost,  um  lnvesti»ate'i,  with  the  secretaries 
of  the  services,  on  how  their  Incident-Accident  Reports  were  distributed#  I 
think  the  Amy  does  a  very  food  Job,  the  Navy  and  the  Air  Force  have  come 
more  into  line;  biit  there  is  a  uroewure  being  out  into  effect  to  get  this 
word  out  to  you.  In  fact,  the  Accident-Stsmary  Report  that  you  oeople  got 
today  was  an  outgrowth  of  the  discussiona  anu  "■‘.clings  which  we  had  regarding 
that.  This  Accident  Report  ooes  not  cover  every  single  accident-  The  one 
that  happened  on  New  Year's  Eve  down  here,  rfiich  was  discussed  at  the  Seminar, 
is  not  listed  oeeause  we  are  waiting  for  the  investigating  report.  However, 
the  reason  for  the  sumiary  report  la  that  it  goes  to  the  service,  and  it  goes 
to  the  represent  tives  who  ar«  worldng  for  the  various  servlcas.  If  you  sec 
a  certain  particular  incident  in  rhere  which  has  a  c’rticttTar  bearing  on  the 
kind  of  work  that  you  are  doing,  then  you  can  go  through  the  proper  channels 
to  get  more  infomation  on  it.  Some  of  the  material  is  classified,  Ixit 
there  is  enough  in  there  to  whet  your  interest.  We  are  putting  that  out, 
starting  that  old  ball  rolling  to  make  sure  the  people  »Aio  work  on  this 

business  will  get  the  infomation  on  other  people  w1k>  have  had  the  problem. 

Hr.  Roylanee;  I 'd  like  to  get  back  to  this  nroblen  on  the  Safety  MarriTcls 

Toi’  a  minute.  We  have  been  talking  for  two  days  now  about  these  solid  pro¬ 

pellants  getting  closer  and  closer  to  high  explosives.  The  preasnt  Kanuala 
admittedly  are  baaed  on  high  explosives,  with  smokeless  powder  also  included. 

I  think  you  will  find  that  any  major  problem  which  comes  up  will  be  adequately 
covered  in  the  Manuals  if  you  follow  the  procedures  for  high  explosives. 

This  isn't  going  to  hurt  you  too  much.  In  fact,  it  will  probably  help.  I 
think  most  of  the  things  are  in  the  minor  category,  like  compatablllty, 
tonperature  conditioning,  and  this  sort  of  thing,  which  can  very  easily  be 
straightened  out.  I  don't  see  any  need  for  major  revlsiora  of  the  Manuals 
or  a  separate  Manual,  for  that  matter,  for  the  solid  propellant  industry. 

Capt.  Jenkins t  That  Is  another  thing  which  we  have  been  thinking  about  quite 
a  Lit  though,  the  possible  reed  for  a  Safety  Propellant  Manual,  ftit  don't 
forget  Umt  -fl  are  very  early  in  the  game.  Tea,  Mr.  Blshoff? 

Mr,  Biahofft  I'd  like  to  say  a  few  words  on  the  same  subject,  and  in  a  way, 
anawer  Mr,  Holloy,  The  Oi-dnance  Safety  Manual  waa  written  to  try  to  cover, 
in  e  general  way,  over  100  ordnance  inetsUationa  in  Continental  U.  S.  Thire 
are  a  certain  few  ordnance  Ine tails tlons  that  are  involved  in  a  specific  'ype 
of  manufacturing  cporction,  and  •-•c  in  tbo  Arr,y  Ci'diiOmM  Cux|>s  prefer  to  wi’to 
a  separate  safety  Manual  which  supplmarnls  the  Ordnance  Safety  Manual,  and 
beamed  specifically  at  this  type  of  operation.  lou  may,  or  nay  not,  realize 
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thst  we  have  a  Manual  on  the  safety  requlrenents  for  t. ;e  masnifacttrre  of 
nitroglycerin,  another  one  for  Tanufaeture  of  small  armi  anminiticn,  and  for 
some  of  the  ningie  and  double  base  propellants.  We  are  working  now  on  a  draft, 
a  separate  Mamual  for  manufacture  of  composite  tyre  propellants.  I’d  like 
to  make  this  offer  to  all  assembled  hare;  when  we  are  ready  with  oar  Initial 
draft,  we  would,  if  you  are  interested,  bi,  hepny  to  send  a  copy  to  yon  to 
gain  the  benefit  of  your  oxperiance  and  coments.  If  ;'?«  are  interested,  I’d 
appreciate  it  if  you  would  rive  your  name  and  address  to  Hr,  {falter  Qoeen 
of  the  Safety  Branch,  OCO,  and  when  we  are  reedy,  wr-'j'.  send  cur  draft  tc  ync 
for  comment, 

Mr.  Molloy;  One  last  canwent.  As  I  say,  I  was  given  this  topic  baaed  o*i 
some  questions  that  wera  aakedj  and  asking  the  various  peonla  of  the  solid 
propellant  business  what  the  problems  were.  We  conside.-  these  general  enough 
io  discuss  them  today  because  I  couldn’t  get  up  and  say  that  the  femial  is 
fine,  we  have  no  problems,  Just  use  it.  We  try  to  do  that,  but  there  were 
problem  areas  which  should  be  discussed  and  hreught  up.  Mow,  what  Mr.  Biahoff 
has  said  was  the  general  consenaus  of  the  opinion  of  everybody  I  talked  to 
about  it.  It  would  really  aid  if  we  had  a  supplement  to  the  Manual  which 
might  cover  some  of  the  areas  which  are  not  covered  at  the  present  ttme. 

Capt.  Jenkins:  Ma1or  R.  C.  Hegeman,  of  the  Ordnance  Anminiticn  Camand  at 
has  tlie  next  agenda  Item.  Major  hegeman? 

Major  Hegeman: 


SUBJKCTs  Predetermination  of  Explosive  Classification  of  Research  and 

Development  Items  Prior  to  Their  Release  as  a  Standard  Item  for 
Manufacture  or  Procurement. 


OAC  EOHCTIOM:  Gentlemen.. .Our  responsioiilty  at  the  urdnance  Aspiunition 

Gormand  is  the  Procurement  or  Manufacture  of  Propellants  and 
High  Erploaivos  for  Industrial  Froductloo  of  Amunitton  Items 
and  their  Supply  to  our  Military  Services. 

OAC  FACILITIES;  OAC  has  the  real-estate-  the  facilities,  such  as  Works  for 
the  manufacture  of  propellanta  ana  explosives;  Plants  and 
Facilities  for  the  production,  loading,  and  ssaembling  of 
the  finished  conventional  ammunition.  Ihs  exoloslves  hasard 
claesificAtion  for  these  conventional  items  was  estaUlshsd 
pricr  to  construction  of  ths  fari'lties* 

SACKGHOLig):  Looking  back  tovards  by-gone  i-.ys  -  the  days  of  development  of 
conventional  amnninltlon  -  it  is  poer.ble  to  sea  how  In  the 
leisurely  development  processes  it  would  hams  been  posslbls  tc 
study  and  test  propellant  formulat.  in  sudi  a  maisisr  that  ly 
the  time  a  propellant  came  into  production  and  use  its  propsi 
explosive  classification  could  have  been  well  dstemlned. 

DEVELOPMENT:  Its  development  would  h?>ve  progressed  throng  ths  Sffl  phase, 
pilot  phase,  and  Into  production  of  a  pilot  lot. 
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C'fAirjARDir.A 7I0N :  FoLlowirsp;  this,  a  flrinr  schedule  woull  have  resulted  In 
atcnciJirdizr.tisn.  Jilcrg  with  all  thsae  steps  would  have 
prowri  a  set  of  procedures,  a  aet  of  fixed  speclflcations- 
ajid,  incidentally  a  detsrraination  of  the  exploslrea  hazard 
classification  or  ciaocffleatlons  would  have  evolved. 


COMPARISON;  While  the  determination  of  hazard  classification  cannot  aceurateljr 
be  made  on  basis  of  evaluation  by  conpariaon  with  charac-terlsttcs 
of  known  properties  ILiese  factors,  plus  t<:ats,  sliouli^  go  a  long 
way  towara  such  a  predetermlnaticn. 

TRUE  PICTMIS;  To  arrive  at  a  true  picture,  the  method  desired  must  of  necessity 
establish  a  ha7ard  classification  for  ec';h  individual  Itan  <m 
the  basis  of: 


a.  What  it  does  under  certain  condiUoRS. 

b.  Chemical  content  (charaeteristica) . 

c.  Total  energy  generated  (content). 

d.  Rate  of  energy  generated. 

a.  Impact  sensitivity  (drop-test  -  rifle 

f.  Propagation  of  detonation  (shock  wave). 

g.  Heat  sensitivity. 

h.  Gas  generation  at  ambient  and  stor\ge  conditions,  etc. 

PRES'  NT  CONDITIONS:  Under  present  conditions,  almost  none  of  the  phases  will 
have  been  fully  completed  af  the  time  of  initial  pro- 
dvetirr..  P.c’inds  2nd  reeksts  fesr  completion  of  R4tD  will 
be  scheduled  for  production  at  the  same  time  thet 
qualifying  rounds  and  rounds  for  initial  production  are 
manufactured.  The  pilot  plant  will  bo  "telescoped"  with 
the  production  facllJ  ty.  In  other  words,  tdlot  devoloo- 
ments  are  oVerlsppi-?  pr'r«’!'*M -"iT:.  isf-ac+.s  of  the 

specifications  for  the  item  are  frequently  dependent  on 
the  production  e&pabiUty  which  is  established  in  this 
overlapping  developmental  production. 

OUR  fROBISrli  Unless  we  have  a  usable  standard  method  for  predetermining 
hazard  claosiflcatl  on  for  questionable  mater5.als  it  may  be 
necessary  for  us  to  plan  and  c.-nstrwt  our  facilities  bssod 
on  the  highest  or  class  9  hazard  classification. 

O'jR  NEED;  What  m  iwed  is  a  usable  method  for  predetemlnlng  explosive  hazard 
cla  sain  cation  of  high  energy  prooellante  in  all  stages  of  manu¬ 
facture  or  production  and  stores.  Thia  should  be  done  in  the 
pre-oro<iiction  phaso. 


TO  JgLP  US 

Since  our  existing  facilities  were  designed  for  production  of 
conventional  tj’pes  of  propellants,  therefore,  being  arsed  with 
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;i  predet^nnlaed  haSF.ru  clas.-ificatlon  it  would  be  poesible  for 
113  to  determine: 

First  -  If  our  existing  facilities  which  in.  >lTed  laryre  initial 
investments  are  s'iitable  for  the  production  cJ  tiie  tisw 
energy  items  with  repair)  uo  deiipn,  quantity*itstance,  general 
construction  and  location. 

Second  -  If  need  be,  whether  or  not  our  ertsttn?  facilit-es  would 
be  suitable  for  nodiflcaticn  without  too  p.reat  an  Investanont,  or 

Third  -  If  it  would  be  more  leaeible  econowlcally  to  construet 
naw  facilities  having  the  dasipn  criteria  required  for  the  various 
Hazard  classifications  of  the  iter  to  be  prvfaiced  -  in  every  stage 
of  its  manufacture,  production,  and  storage 

iTtSTIONS  A’D  NPISDSD  DEFINITIONSt  The  foUcwlng  are  sorie  questions  and  naeded 
definitions  which  may  assist  ua  in  arriving  at  a  usabla  method 
of  determining  an  explosives  hazard  classiflcatisn: 

a.  What  is  a  high  energy  propellant?  Vftiat  ?.«  s-ine  examples? 

b,  Vfhat  hazard  classifications  are  involved?  (Class  2,  Class 

2A  or  Class  9?)  What  is  the  form  of  nateri^?  Its  geaaetry? 
Its  packing?  Ite  proceseing  stages? 

c«  How  new  is  the  profjellant  to  be  •predeteminsd?"  What  slndlar 
and  comparable  materials  are  pre-existent,  and  uaahLe  as  a 
guide? 

d«  What  basis  other  than  that  of  historical  similarity  can  be 
used  In  predetermining  the  classlfloatlon?  What  test  results 
are  available? 

e.  What  is  the  composition  and  the  (.‘isrgy  content?  wiiat  is  the 
shocV  sensitivity?  The  shelf  life  in  storage? 

5UHHAHY;  When  answers  to  the  above  or  eimllar  questions  are  obtained  as 
applicable  to  "nigh  energy"  propellants  under  coimaeraLIon,  a. 
step  in  the  right  direction  will  have  been  taken  towird  deriving 
a  hazard  classification.  Being  armed  with  the  eiplcsiver  hnrrard 
classification,  of  the  high  energy  item  prior  to  release  as  a 
standard  item,  for  every  phaae  of  manufacture  or  production  and 
storage,  we  will  be  in  a  better  position  to  plan  either  the 
utilization  of  our  existing  facilities  or  ccnsxruetion  of  rew 
facilities  without  exposure  to  uniwCessary  Incidents  that  may  re¬ 
sult  in  Injuries  or  fatalitiet  and  costly  damage  to  Oovarwront 
property. 

Capt.  Jenldnst  In  our  discussion  this  morning,  we  got  into  the  business  of 
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“iiiizur'j".  I  HU  uiuii’i.  set  tuo  much  IxiLo  y^mr  i'leldj  Kajor»  If  we  dldj 

you  nave  my  aTioluviea. 

M-n.lor  Hegewant  Well,  I  think  several  of  the  sneakers  tWa  mominp  have 
'^stolen  a  lot  of  my  stuff,"  so  I'r.  joinf:  to  jlvs  you  a  chance  to  pick  up  some 
of  mine,  here.  My  subject  was  to  have  b^n  the  "Pre -determination  of  Explosive 
Classification  of  RAD  Itfims  Prior  to  Their  Selear^*  me  a  f?tandard  Item  for 
Manufacture  or  Procurement."  I  think  we  had  a  piretty  ^ood  discussion  this 
morning  on  what  is  beinp  done  by  Picatlnny  an>l  by  other  people.  To  oome  up 
with  an  answer  to  this  question  nf  Just  what  is  the  hazanl  classification  of 
these  new,  sometimes  exotic,  exnloslves  or  propellants— our  parttcular  interest 
at  the  Or^ance  Ammunition  Corptand  is  in  the  utilisation  of  facilities.  De¬ 
pending  on  what  classification  Is  placed  on  these  items,  we  have  to  make  a 
decision  as  to  whether  we  can  <ro  into  an  existing  OoverTiient  plant  and  manu¬ 
facture  these  itens.  Mow,  whether  these  be  Cloes  k  or  ''-lass  9,  what  I  mean 
is,  if  they  are  Class  2  or  Class  9,  there  is  a  lot  of  difference  in  what  we 
can  do  in  these  plants,  quantity  distance-wise  and  in  other  ways.  At  present 
at  Radford  and  Longhorn,  we  have  tried  to  adapt  existing  plant  facilities 
to  the  T.anufacturing  of  these  new  propellants.  TW.s  has  caused  "growing  pains" 
or  whatever  you  want  to  call  it.  In  the  ease  of  mobilization,  where  it  might 
be  decided  to  use  more  of  the  existing  Govenwient  plants  or  v^rks  for  this 
type  work,  before  we  spent  s  lot.  of  money  to  modify  one  of  our  existing  plants, 
we  would  oartalnly  I1ka  to  Vrow  whathor  thd  r.  is  rtnnr  to  be  a  Class  2  or  Class 
9  hazard.  Therefore,  at  OAC  we  are  very  interested  in  the  work  that  is  being 
tone  to  cone  up  with  these  answers.  This,  txasically,  is  our  problem;  it's 
everybody's  problem— not  only  ours.  W#  sr#  pai'ticularly  Interested  from  a 
production  standpoint  on  how  much  money  it  is  going  to  cost  us  to  convert 
facilities  in  case  of  an  all-out  effort.  As  I  said  to  begin  with,  I  don't 
tnink  that  I'll  go  through  this  whole  presentation  that  I  have  here  because 
everything  has  been  pretty  well  covered.  So,  I  think  that  I  will  leave  you 
with  lust  that  problem,  which  Is  OAC's  problem.  We  would  like  to  get  this 
hazard  classification  to  aid  us  for  future  production. 

C^H^it.  venVlna  s  V/ell,  we  were  a  little  pressed  for  time  on  that  subject  this 
morning.  W*  .‘iave  a  little  extra  time  if  any  of  yon  have  any  questions  you 
would  like  to  address  to  the  Major  or  to  Mr.  Herman.  Mr.  Katcher? 

Mr.  Katcher;  The  preblom  of  explosive  classification  of  solid  propellent 
rocket  moters  is  another  one  of  those  Itou  tihlcb  has  been  pressing  for  many 
years— I'u  B«y  for  at  least  Ij  years.  About  19UC  sr  1”m7  -  certain  rcchet 
motor  which  was  shipped  in  one  direction  as  Class  2,  another  activity  had 
i_i  occasion  to  ship  it  back  and  they  shipped  it  back  as  Class  9.  At  that 
point,  it  became  evident  that  sunething  needed  to  be  done  and  people  started 
working  on  it.  The  point  I 'd  lil.e  to  raise  now  is  that  we  are  now  vorking 
on  it.  What  is  the  target  date  for  completion  of  the  standards?  We  need 
them.  About  five  years  ago  we  liad  one  contract  for  rocket  motors  and  the 
shipment  costs  of  Clajts  9  versus  Class  2  on  s  single  contract  were  resulf  ng 
in  $500,000  a  year  excess  cost  to  the  Oovemment.  The  difference  of  the 
hazards  were  unknown  because  of  arbitrarily  establishing  classifications 
without  actual  tests.  So,  can  somebody  tell  us  when  we  are  going  to  have  a 
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military  standard  for  classifications  that  the  Arinjr,  Navy  md  Air  Fore*  can 
use  on  a  regular  routine  basis? 

Capt.  Jenkins:  I'm  going  to  go  "way  out  on  a  limb  a  hundred  miles."  Bob, 
with  your  permission  can  I  say  about  two  months  as  a  brief  srissat?  Toa  are 
fron  Washington,  you  know  that  we  can't  •"ake  decisions  like  that  there.  Bnt 
we  will  be  through  with  it  in  a  couple  of  montns  T^at  will,  at  least, 
satisfy  some  of  your  doubt. 


Mr.  Kate her;  Thank  you. 
Job  dene. 


*6  will  all  concentrate  on  this  and  get  tills 


Mr.  Jeeek;  In  connection  with  this  classification  of  a  motor,  I  don't  know 
whether  the  gentleman  realized  it  or  not;  but  that  oarHeular  rocket  that  he 
is  tsliclng  about,  if  it  is  the  same  one  1  think  it  is,  nas  been  reelasBlfled 
for  the  past  year  cr  so,  1  think.  This  was  the  result  of  a  test  conducted 
at  Dahlgren.  We  came  to  an  agreernent,  if  I'm  wrong,  I  think  that  Sob  aeimiari 
can  correct  me  on  that,  t'lat  motor  has  been  re-claaslfled  and  I  don't  know 
where  this  f5S0,000  cones  in  because,  as  we  all  know,  you  can  ship  a  Claaa  A 
motor  or  a  Class  B  raotor  for  practically  the  same  price.  It  sH  depends  on 
your  freight  tables  and  a  few  ether  things.  At  one  time,  v  v™3  led  to  be¬ 
lieve  that  if  you  shipped  an  Itaa  as  a  ciass  A  item,  it  would  cost  you  a  lot 
more  than  a  Class  B,  but  tFis  transports ti<m  people  tell  me  that  they  have  a 
code  and  various  tables  that  they  have  to  go  by.  It  isn't  only  the  Class  A 
or  the  Class  B  that  comes  In,  it  is  whether  you  ship  it  over  a  land-grant 
road  and  a  few  other  things  are  involved.  Z  think  Mr^  Jna  Bee  can  probably 
help  out  a  little  on  this,  too.  Don't  let  that  |$00,000  figure  get  oat 
because  if  Congress  finds  out  about  it  we  are  going  to  be  in  an  awfbl  mess. 

Capt.  Jenkiiat  I've  heard  about  that  nartlcular  rocket  about  a  thousand 
times,  If  know.  Mr.  Bee,  could  you  add  something  to  that? 

Mr,  J.  F.  Bee,  RuOrd,  Navyt  Well,  I  have  conducted  several  tests  down  at 
thft  T.rovi  ng  gro-inri  and  ve  have  es'^iblished  speolflcationa  for  qu'ta  a  few 
of  the  Navy  rockets,  we  tiad  a  little  bit  of  revolting  infomsticai  the  last 
couple  of  weeks.  We  found  out  th-t  some  rockets  that  we  had  previously 
classified  in  one  bracket,  after  they  wei*o  in  storage  for  aboat  5  years, 
their  cnaractarlstlcs  changed  and  you  are  in  another  classification  brackst. 
So,  it  may  be  that  your  classification  criteria  might  have  to  be  made  out 
of  "rubber".  This  Is  a  new  problem  that  has  Just  come  up  in  this  field, 
which  tends  to  cmpllfy  or  point  out  the  difficulty  in  trying  to  arrive  at  a 
standard  criteria  because  of  the  changing  technology  and  the  different  dianges 
in  chemistry  and  the  motors, 

Capt.  Jenklna:  Captain  Clark,  of  WADC7 

Capt.  Clark;  Apparently,  you  all  are  saying  that  you  will  have  your  crtt/  rla 
out  In  the  next  month  or  two.  Is  there  any  indication  that  there  will  be 
military  standard  also  to  follow  that? 

Caot,  Jankin?!;  Bob,  I  believe  that  the  ultimate  plan  is  that  would  go  out 
as  a  service  guide  and  not  a  DCT  directive. 
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Kr.  Herman;  It  will  be  a  service  palde. 

Mr.  rialtes  This  docunent,  whatever  it  happens  to  be,  is  it  eoinr  to  cover 
tile  number  one  item  of  Ma^lor  Hepeman's  topic  here?  That  each  pays  the  mam- 
facturer? 

>'r.  Hernan;  No,  the  minimum  criteria  which  -c  »’”fi  developing  is  for  finished 
itema  y:iiy.  It  will  not  r®t  Into  the  various  stages  ci  rta.;ufacture. 

Mr.  Haite;  Is  nnvthtng  beinr  none  in  the  manufacturi:^  area? 

Mr.  Herman}  Not  by  the  proun  of  which  I  an  chairman. 

Capt.  Jenkins;  Mr.  Bee? 

hr.  Bee;  I  would  like  to  point  out  one  other  flaw  in  tl.  s  anrdety  for  a 
hazarfl  classification  standardization  because  you  already  have  your  require¬ 
ments  estahllshed  by  IOC.  They  specify  special  tests  ti*at  you  should  per¬ 
form.  If  you  are  willing  to  hwy  the  motors  and  put  up  the  money  to  do  the 
test,  you  could  establish  your  hazard  elasslflcaMon. 

Capt.  Jenkins 8  Are  you  ready  to  suprlement  what  Mr,  Bee  said,  Mr.  Herman? 

Mr.  Harman;  I'd  like  to  ask  the  panel  a  question,  if  I  nay,  in  connection 
with  It,  Hai.te's  question. 

Capt.  Jeukinst  Okay, 

Hr,  Herman;  It  was  my  understanding  awhile  back  that,  for  economy's  sake, 
and  "cne  constant  change  in  manufacture  of  these  various  prooellants,  the 
Class  9  distances  were  to  be  used  to  establish  the  quantity-distance  separations 
In  manufacturing  plants  in  the  future.  I  wonder  if  the  panel  would  care  to 
comment  on  tliat. 

■Mr.  Roylmoa;  This  is  true  as  far  as  the  Navy  is  concerned.  This  Is  on  all 
m'anuYactui-ii^  processes  through  curing.  After  that,  after  the  thing  is  cured 
and  really  a  completed  grain,  we  then  determine  the  classification  of  the 
grain  as  such.  But,  we  always  figure  that  sooner  cr  later  you  are  going  to 
get  the  worst  case  and  you  might  as  well  lay  out  your  plant  for  the  worst 
case  which  would  be  high  explosives.  Class  9. 

*&•.  Endsleyi  We  follow  along  somewhat  the  sane  lines  with  the  exception  that 
in  certain  phases  of  operation,  there  has  been  given  some  latitude  for  classi¬ 
fication.  AMD  currently  has  some  policies  out  on  this  and  Ogden  Air  Material 
Area  nay  have  some  perttnent  information  on  guidelines  for  the  methods  of 
production.  They  don't  follow  along  the  line  and  there  is  some  latitude  ftrm 
point  of  intake  to  point  of  finished  item,  but  the  finlstied  item,  as  Mr. 

Roylance  pointed  out,  would  be  coming  under  the  minimum  cl.asslflcation  test.:  .. 

Mr.  Blshofft  I 'd  Just  like  to  relate  how  we  woric  things  in  the  Army  Ordnance 
Corps.  1#  you  are  working  on  an  Army  Ordnance  Corps  contract  to  manufacture 
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a  definite  propellant  grain  having  a  definite  fomulation,  your  proeeases 
are  somewnat  standardi7.ed.  The  Ordnance  Corps  will  classify  for  eaeb  phase 
of  operation,  what  the  emlosive  ha-rard  is.  If  ifou  are  looklne  for  an  orerall 
classification  i'or  phases  of  mariufacture  of,  say,  composite  propellants,  we 
Just  can't  give  it  to  you.  You  are  always  changing  your  fornulatlans,  your 
percentagfi.<!,  and  ingredients.  So,  ah'^it  the  best  we  csn  do  is  generalise, 
and  when  you  do  hrve  a  contract  to  manufsctsir^:  to  a  definite  fomula, 

then  we  can  co^.a  across  with  the  proper  explosive  nasaro  classification  during 
each  phag*.  of  Operation, 


Capt.  Jenkins;  Thank  you.  Hr,  Eishoff,  Well,  with  the  hearing  that  we  had 
this  morning  and  the  hearing  that  we  had  this  afternoon,  there  are  a  lot  of 
problems  in  it,  but,  I  think  that  we  have  sufficiently  covered  ib.  Thank  you. 
Major  Hegeman.  Mr.  Shell  Martin? 

Mr.  Martin;  I  would  like  to  r^lse  a  question  here,  not  being  In  the  explosive 
field  myself,  more  in  the  facility  type  of  thing.  I  note  hero  in  this  topic 
we  are  discussing  that  the  second  part,  of  it  has  to  do  with  final  storage. 

Then  we  always  talk  that  we  are  gradually  approaching  practical 'y  a  TUT  type 
of  thing,  or  mass  detonating  or  something.  Now,  to  got  b.-w:k  to  what  has  been 
said  here,  then  how  important  it  is— looking  ahead  here— to  attempt  to  classify 
on  fir.al  storage  basis,  something  that  we  have  got  now  building  very  costly 
fixed  facllitiee .  If  it  looks  like  we  are  going  to  get  Into  sanethtng  that 
is  Class  d,  we  will  go  to  Class  9  to  start  with.  I  Just  raised  this  as  a 
question  sines  it  appears  that  we  are  going  to  deal  mainly  la  various  slsa 
rocket  motors,  end  may  end  up  iii  a  few  years. 

Mr.  Jezek;  I  think  that  has  been  taken  into  consideration.  We  won't  lay 
out  an  Ordnance  installation  or  a  plant  based  on  sore  lesser  distance  than- 
Class  9  or  10,  All  of  our  storage  depots  are  correctly  laid  out  on  the 
assumption  that  you  will  put  the  maximum  quantity  of  high  explosives  in  that 
particular  magazine.  Mr.  Endsiey  tells  me  that  so  dees  the  Air  Force,  and. 
the  Navy  too.  They  ere  all  laid  cut  on  that  assumption  that  sooner  or  later 
you  will  put  bulk  HE  into  that  particular  structure  for  storage  pnrpceee* 

Mr.  Catcher;  I'd  like  to  ask  Mr.  B«e  a  question  which  went  by  pretty  qoicfcly 
a  little  while  ago,  c  ncernlng  the  change  of  classificatioB  of  rocket  notora 
in  storage.  I'd  like,  after  I  bring  up  a  couple  more  points,  to  faevs  Mm  try 
to  clear  that  one  up  for  us.  Just  what  motors  were  testsd  and  bow  did  they 
change?  From  2  to  9  or  9  to  2  or  vice-versa?  With  respect  to  the  items  that 
Mr.  Bee  mentioned  ICC  tests,  I  think  that  perhaps  it  would  be  beneficial  IT 
the  test  program  which  the  Explosives  Safety  Board  ttimmg  nn  with  could  be 
proposed  to  ICC  and  accepted  by  then  as  being  a  single  set  of  test  criteria 
that  we  use  within  the  civilian  and  military  operations,  so  that  we  are  woxdclng 
along  the  same  basis.  I  think  this  would  be  very  desirable.  The  tMrd  Item 
w!d.ch  I  would  like  to  mention  is  the  item  of  costs,  of  striking  from  the 
records  this  Itsn.  1  will  go  along  with  that,  provided  that  when  the  revis  id 
classification  standards  are  brought  cut,  they  are  suffieiently  deAned  and 
correlated  with  costs  and  flgtires  for  various  types  of  ahipmeiits,  so  that  this 
problen  will  be  clarlfltil  for  everybody  coiKern^.  As  it  Is,  ths  figure  of 
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?5CO,COC  is  an  actual,  cost  flpire  paid  by  the  Coverment  by  informatl  u  o«>~ 
twined  by  our  Navy  people  out  in  Bar  Azusa  who  had  cherye  of  shlpmenta  of 
these  Tinits.  They  arc  the  orra  who  reconciended  that  we  put  orcasure  on  as 
far  as  we  could,  about  gettlnc  the  tests  conpleted  for  this  specific  unit, 
tddch  was  the  IS  KS  1000.  in  order  t'^at  we  would  know,  by  test,  what  the 
actual  classification  of  the  unit  w£«  and  whether  we  are  peylng  the  proper 
fipure  or  not.  On  that  basis,  we  pursued  erif'  pressed  the  Issue,  yot  the  test 
conpleted,  and  it  was  classified  as  Class  P-  The  result,  -.f  this  was  that  Mt 
did  save  ourselves  considershle  money. 

Capt.  Jenkins:  Old  you  want  to  take  tMs  up  privately  with  Hr.  Bee  over  in 
the  Bureau  ot  Ordnance? 

Hr.  Katcher;  V.'ell,  if  it  is  all  riyht,  or  doesn't  take  too  lony,  I  would 
like  to  ask  Hr.  Bee  to  clarify  the  iten  of  chanrlnc  clrcslflcations  on  the 
ICC  tests. 

Hr.  Bee;  Approxlnately  3  years  ayo  w^  ran  sane  prelLminary  tests  on  double 
base  rocket  motors  and  the  Navy  derived  a  classll'l cation  of  Class  B,  These 
motors  have  been  in  storage  no:r,  sast-  of  them,  for  acproxinately  L  or  S  years. 
Recent  tests  in  Hay  Indicated  that  'he  prspellsTit  has  urtuer’:oie  a  change  and 
is  getting  hotter.  It  doesn't  react  quite  as  calmly  as  it  reacted  before, 
to  similar  teats  as  far  as  the  ICC  has  laid  down  certain  tests  to  do.  It  is 
the  booster  motor.  Different  services  interpret  different  methods  for  per¬ 
forming  these  tests  and  consequently,  there  were  different  classifications 
for  the  same  motor  in  different  servlcos.  The  ob.lect  of  the  Hoard  was  to 
cone  out  with  a  uniform  teat  procedure  for  all  these  services.  This  is  what 
we  are  attempting  to  do,  but  this  in  no  way  excuses  .anyone  from  regulations 
set  up  by  the  ICC,  The  object  of  the  Board  is  to  come  up  with  a  uniform 
method  of  classification. 

Hr.  Katchera  And  there  are  menbers  visiting  the  Board  who  know  the  regulc.tlons 
of  the  ICC  and  this  has  been  channeled  to  them  informally,  the  procedures  furf 
criteria  established  by  t.he  Workinr  Group, 

Capt.  Jenkins;  Vie  are  very  much  aware  of  these  problans  you  brought  up  and 
all  I  can  s.'y,  Mr,  Katchcr,  is  that  T  tUnk  so,  too."  When  %m  can  get  it 
done  »  tying  in  of  Service  classifications  with  ISC  etc,  -  I  don't  know.  We 
are  doing  wiiat  we  can  of  it.  Hr,  Haite? 

Hi’,  Haltet  I  thought  most  of  the  people  here  were  familiar  with  this,  but. 
7rairtEe”convprsation,  evidentally  they  are  not.  It  is  a  simple  matter. 
According  to  the  ICC,  the  Military  Departnent  sets  the  shipping  classifications. 
It  is  not  up  to  the  IOC  to  tell  the  military  idiau  e?.a88iflcation  it  is, 

Mr,  Katehert  This  is  on  military  explosives  proved  by  the  Chief  of  Ordnencr/ 
of  the  Departaent  of  the  Army,  Chief  Bureau  of  Ordnance,  Department  of  the 
Navy  or  Air  Material  Command,  Vhlght  Patterson  Air  Force  Base  in  Dayton,  0:  t  o. 
These  are  because  of  security  classificaUcn  and  the  ICC  people  are  not 
cleai'ed. 
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Cart,  Jenkins;  There  is  a  lav  up  rirht  now,  ti'at  one  of  omr  wry  pronlnent 
senators  has  drafted,  a/»d  tLiia  law  care  over  to  the  Board  just  raeetttiy~the 
nomal  procedure  Is  that  we  do  not  interfere  with  the  standards  and  the 
criteria  set  by  the  ICC  except  in  tines  of  energency  or  certain  conditlaas 
like  that,  ifhen  we  will  and  the  service  classlfieatioRS  and  the  shLppiiiy 
criteria  etc.  will  precede  ICC.  Thai,  is  the  thing  that  is  going  baeir  and 
forth  right  now.  We  don't  nor!na]l.v  get  lifto  tnr  ."icture  and  tell  the  ICC  how 
to  do  it.  .Mr.  Kerman? 

Mr.  Herman;  I  would  like  to  clarify  two  different  points.  I  think  the  Arst 
is  Mr.  ICatche’”'s,  The  ICC  has  suggested  several  tines  that  they  would  be 
much  better  oft  if  we  had  a  separate  set  of  regulations  for  military  ^qslugives 
and  for  civilian  explosives.  However,  they  have  also  indlcatad  that  they  have 
no  por'^nnnal  to  do  this.  The  if  Military  Da-artnents  ■ire  willing  ts  drasr  up 
these  separate  regulations,  well  and  good.  As  I  mentL'med  this  Romlng  in 
hazard  classification  the  group  has  decided  that  for  military  ex^osives,  we 
will  subject  then  to  a  more  strtngent  test  than  is  part  of  the  ICC.  You  ecailci 
take  a  itasbcr  8  blasting  cap  and  put  it  in  an  iten  and  test  it  twice.  One 
time  it  detonates  and  the  s-’cond  time,  it  doesn't.  Then  It  doesn't  have  to 
be  a  Class  A  explosive  according  to  the  ICC.  We  would  never  buy  this  for  a 
military  explosive,  and  you  would  never  get  civilian  ln*ir'Ty  to  hey  this 
test  that  we  set  up  for  mill  tary  explosives.  To  answer  question, 

I  think  several  people  in  the  room  here  will  remember  the  incident  where  we 
were  running  some  tests  on  a  oropellant,  end  one  of  the  Bureau  of  Explosives 
reoresentatives  was  present.  When  we  got  reedy  to  run  thsm,  they  aaid  that 
they  wouldn't  buy  those  tests,  and  would  not  accept  our  classification.  We 
had  overprir  '.d  it  and  they  would  never  find  that  conditloo  in  eadstence.  They 
said  that  ii  we  didn't  change  it,  they  wouldn't  buy  our  classification,  so 
we  don't  tell  them,  in  all  cases,  vhat  the  classification  is. 

Cant.  Jenkins:  Just  a  moment— Mr.  Smith  was  going  to  present  that  other  topic. 
Mr.  iiaite? 

Hr.  Halts:  I  was  speaking  of  Supplement  7  to  the  ICC  tariff  regitlatlons.  It 
is  a  new  suppltment  which  came  out  not  too  long  ago. 

Mr.  Jazekf  I  think  that  if  y>xi  will  read  that  supidenen^  it  will  tell  yon 
that  all~the  nil! tary  can  do  is  aprr’ove  new  items  of  exhL^ves  or  aiwuiiltlon 
for  sbitxient.  As  you  all  know,  e:tp><iclally  you  peofAe  la  Hie  ccmnerelal  game, 
when  you  make  a  new  item,  you  have  to  sufasit  that  iter;  to  the  ICC  for  classi¬ 
fication  and  noiiienclature.  However,  more  than  once,  we  bun  sent  Items  up 
to  Harry  Campbell  and  he  would  say,  "Well,  what  do  you  want  to  cell  it?" 

Mis  it  all  right  with  you?"  "If  that  is  the  way  you  went  to  do  it,  okay." 

So,  as  a  result  of  this,  we  hold  a  meeting  in  Washington,  and  we  had  the 
regulations  changed  an  that  you  peopls  would  not  have  to  submit  your  samples 
to  ICC.  All  you  have  to  do,  if  you  are  in  tlie  Navy,  is  Alp  them  to  Hoyl  uiee's 
office,  I  think;  but  aryway>  I  stand  corrected,  if  you  have  a  new  item,  ‘  hers 
is  an  Ordnance  Corps  order  for  the  benefit  of  you  ordnance  people,  that  tc'ls 
you  how  to  go  about  getting  some  new  items  approved  for  sfei|ia«t.  Now,  I 
may  be  wrong,  Mr.  Kalte,  but  I  would  check  that  regulaticR  again. 
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Ma.jor  Hepeman;  Smith,  do  you  wart  to  say  anything?  I  night  have  sounded 
off  a  littla  prematurely,  I  haven't  h"ard  anything  from  you. 

Mr.  Smith;  Well,  J 'm  reminded  of  what  Henry  Marsh  said  the  other  day  that 
111  years  ago,  we  started  out,  and  inaanueh  an  it  was  lil  years  ago,  I  don't 
think  that  T  h’ve  much  to  say  now.  I*r»  lust  been  lietening,  hut  t5»re  is 
one  thing  I'd  like  to  say,  Vt'e  have  been  Vtxkifit:  *bn<it  storage.  Storage  ties 
right  in  with  what  Ma,1or  Megeman  said.  It  is  cU  one  subject,  but  we  are 
particularly  interested  in  the  gueations  brought  up  ana  I  think  that  Mr,  Blshoff 
ari3>rered  it  for  us.  We  do  not  W9~t,  the  next  time  wn  have  to  reactivate  a 
H  ne,  or  modify  g  lin®,  to  Core  up  with  '-hst  «s  did  at  Sunflower  when  we 
modified  a  single-base  line  to  triple-base.  We  got  all  the  regulations  we 
knew  about,  improved  and  everythinr,  and  then  when  the  manufacturer  found  out 
that,  we  !iad  violated  every  rule  in  the  hook,  we  had  to  -et  a  waiver.  Wow, 
wn  don't  want  to  do  that}  that  is  what  we  are  a.sklng  ym  today.  Wext  time 
VC  modify  a  line,  sure  we  i>ave  the  right  criteria  sc  it  will  not  cost  us 
too  much  money.  Thank  you, 

Capt.  Jenkins;  Thank  you.  Major,  and  Mr.  Smith,  Mr,  Haite  has  kindly  con- 
auatact  tc  "Come  to  the  rescue"  here  on  this  next  item  we  have  regarding  the 
design  of  motor  cases,  casting  equipment,  etc.  Hr,  Halt/*’ 

?fr.  Hsltet  "Thp  rJesign  of  Motor  Cnees  arid  Casting  Equipment  to  Avoid  Threads." 
the  same  method  has  been  followed,  in  general,  up  tc  the  present  tine,  by 
those  installations  making  motors  for  the  various  Services.  In  the  past, 
there  have  been  a  numbur  of  incidents  that  were  laid  directly  to  the  fact 
UiaL  we  did  have  thread  in  our  casting  fixtures  eid  in  our  process  lines. 

In  general,  and  very  simply,  we  have  idierever  possible,  replaced  all  eomeetions 
with  the  "Harmon"  type  —  not  necessarily  a  "Marmon"  clamp,  thcM  are  several 
clamps  on  the  market,  but  essentially  that  type  of  arrangement.  Tou  have 
the  malr  and  female  flange  and  all  .aroiuid  the  flange,  you  have  an  O-rlng. 

Then  yen  have  a  clamp,  or  band,  that  is  around  the  flange  holding  it  together. 
This  eliminates  the  threaded  section  and  also  facilitates  disassembly  and 
assembly.  It  makes  it  much  more  readily  cleaned.  The  motor  cases  I  believe— 
for  those  unf and  liar  with  the  motors  that  are  being  designed  at  the  present 
time  —  several  designs  in  the  mill  are  going  to  the  iT-slot  type,  even.  Others, 
to  hold  the  fixtures  cn,  have  several  individual  splines  on  the  exterior  so 
that  you  don't  have  to  screw  the  nozzle  closure  onto  the  rocket  motor  ease. 

In  the  past,  there  have  been  other  ways  of  fixing  these  closures  with  snap 
rings  or  ring  seals.  This  was  particularly  true  back  in  thu  days  of  the 
Wavy  2.75".  That  was  fitted  in  such  •  manner.  We  are  doing  the  same  thing 
idiere  we  can  on  casting  cases.  Since  most  of  our  work  is  dene  ^rith  ssstisg 
from  a  pressure  vessex  where  the  propellant  is  forced  out  of  the  cans  into 
the  rocicet  motor  under  gas  or  air  pressure,  the  lid  of  the  can  is  essentially 
a  small  piston  with  a  massive  C-ring,  you  might  call  it,  around  the  perimeter 
of  iJie  lid,  and  this  lid  is  held  in  place  with  a  large  Harmon  clamp.  I  be¬ 
lieve  this  covers  the  point  sufficiently}  I  did  went  to  brlTig  this  to  the 
attention  of  all  the  people  gathered  hare.  If  there  arc  any  eomments  that 
I  have  misaed,  or  any  questions  —  fine. 

Mr.  Mackt  Do  you  normally  run  an  O-rlng  ecmprseslon,  and  to  what  extant  do 
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set  up  a  specification  for  O-rlnfr  use  in  such  a  n&nner  idth  a  ffemon 


olaj 

set  up  a  sped: 

rip? 

Mt* 

n  1  # 

Haltei  w’e  use 

Mr 
rta  • 

Mr 

Hai  to :  Yes . 

Mr,  Mack;  This  is  one  of  the  par*icular  problems  yen  7et  liito  In  tte  uae 
ol  0-rinfTS,  It  can  happen  that  sometines  you  have  a  fallnre  <lue  to  0-rtng 
failure,  if  adequate  compression  data  la  not  a^ilable  on  a  parr.tmlwr  O-rtng 
before  it  is  imt  into  service. 


Mr.  Haite;  Well  now,  in  the  case  of  our  proeesnlnK,  .you  will  have  to  u»ler- 
stand  that  we  are  operating  iu  an  awfully  low  pressure  x-aage. 


Mr.  Mack;  True. 

Mr.  Haite;  We  have  found  that,  in  the  recomended  use  of  C-Hrw»«  r,y  U.i» 
standard  book,  the  reconnended  uocs  have  never  resulted  In  a  fallurs  as  Car 
as  we  are  conceited. 

Mr.  Mack:  Well  we,  of  course,  operate  in  the  east  doubla-tase  system.  Some» 
tines  we  use  higher  pressures  -  liquids,  etc.  -  than  you  fdllcs  normally  do. 

We  have  had  sane  cases  where  inadequate  inspection  of  O-rlags  has  resulted 
in  failure,  so  I  would  like  to  point  up  this  for  peop^n  idio  like  to  go  to 
Marmon  clanos  and  O-rinrs,  you  have  to  check  yourself  as  yoii  go  along. 

Mr.  Halter  In  sane  of  our  larger  operations  w  do  not  uae  the  0-rlng  in 
compression,  i.e.,  between  two  mating  flai^es  idiere  the  nasges  aro  psrallA. 

We  use  it  on  the  longitudinal  aods. 

Mr.  Mack:  One  other  mention  I  night  make  that,  to  design  for  the  elinlnatlon 
of  threads  Is  desirable;  sonetl-es  it  is  not  a.lway8  poe^hle.  attanpt  to 
do  essentially  the  same  thing  using  snap-ring  or  half  eLmps  for  mating  sur¬ 
faces  that  you  can  clean.  The  primary  problem  la  one  of  laspeetiaa  and 
cleaning  of  the  groove  prior  to  putting  cn  a  clanp  •»  prior  ie  pottine  pressure 
onto  the  system  for  pulling  the  cord,  or  something  of  that  nature,  it  is 
also  another  point  for  double-cheeking  oneself,  at  least.  In  some  cases,  on 
higher  performance  cases,  it  is  necessary  to  go  through  aactwely  elegant 
type  of  connecting  fittings,  and  the  waiglit,  even  in  the  Kanssn  B  band,  cannot 
be  ueed. 

Mr.  Wetntraubt  I  think  that  the  last  remark  ia  what  I  was  going:  to  say. 
Right  now  the  motor  as  used  for  the  apace  programs,  and  alao  for  IC9f*s  tad 
IRWs,  sort  of  obviates  the  use  of  threads  altogether  beesase  of  the  fare 
tliat  you  are  trying  to  get  the  propellant  densities  to  lows  of  .89  to  *90 
or  .91;  I  don't  think  we  will  ever  get  there.  This  obviatae  the  uea  of  threads, 
so  I  tMnk  that  we  are  going  in  the  right  direction  anyway. 
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Cap*.  Jan Vine «  Mr.  ouzzo. 

Mr.  A.  T.  Guzzo,  Thlokol  Chemical  Corp.t  Bill  laentlonsd  a  few  points  and 
one  was  in  cotinectlon  with  raiTes.  Itere  air®  ▼arlous  of  flex-^alres 

used  to  control  propdlant  flow,  se'/.-rcI  eonnarclal  ▼arletiaa.  Qenarallyf 
we  stay  away  from  *21  Talves  with  '«><^il  parts.  walvos  are  sonetlnss 

used  but  generally  they  are  a  hoiM' rariety.  i<9  use  a  lot  of  file  hose 
with  spec.*^  Mamon>typ«  cTnnsctlons  and  I  gucM  that  pratty  well  covers  that 
point. 

Capt.  JroklMi  ihank  you  very  much,  iu’.  Ualtw,  for  ■carryii^  tbs  ball*  hare, 
i'll  let  Ccl.  I'ouch  say  what  ha  has  to  aay  wXUiout  any  pr^iminary  remarks. 

Lt.  Col.  Gerald  Couch,  USAF,  ASfiSSt  Mjy  objectire  on  this  subject  was  only 
t<>  get  you  to  talk,  so  asybe  that  ^bjectivs  was  alrsady  achieved  in  soma  of 
the  eoments.  ill  of  our  discussisc  up  to  nr-v,  prisaxily^  has  baan  eoneemed 
with  the  hazard  involved  In  9:9losivas  during  ■anufaetura.  Wa  haven't  gotten 
much  Into  the  hazards  Involved  in  tbs  end  Itan,  and  we  really  didn't  intend 
to  in  this  saninar.  Certainly  there  are  hazards  involved  in  the  end  item  but 
those  hazards  are  not  necessarily  explosive  hszsrds.  Is  many  people 
have  made  the  rei&nrk  that  we  may  prefer  to  get  involved  in  an  exploaion 
incident  with  some  of  those  propulsive  devicea,  rather  than  have  theai  prqsel 
themsalvae  ar.roee  ths  country.  This  certainly  is  a  matter  of  eoncem  with 
safety  people  as  well  as  operational  people  and  B&D  people*  Many,  well,  I 
won't  say  many,  but  there  have  bean  soma  means  devised  in  tbs  past  on  aona 
items  for  preventing  sn  item  from  propelling  in  the  event  it  gats  in  a  firs 
or  gets  ignited  by  none  other  means.  Scan  of  these  hsve  Imw  by  aeocs  of 
movable  exhaust  nozzles  or  scan  naanc  of  diverting  ths  sxfaaust  st  right 
angles  to  the  lon,;ltudinal  axis  of  the  motor;  another  means  is  by  developing 
hot  spots  in  ths  case  so  that  tha  case  will  nature  rather  than  propel;  some 
meoiia  of  opening  the  forward  end  of  ths  booster  so  that  tbs  exhaust  comes 
C'llt  uwwi  autl;:  WMU  wufx-afors  countsrbslsncss*  I  think  Captain,  that  we  should 
utilize  the  rest  of  the  tine  for  any  liiacussiona  between  themselves  that  they 
night  have. 

Capt.  Jenkins  t  We  could  jtut  throw  any  ideas  into  ths  pot  then  possibly,  on 
liow  they  could  prevent  the  weapon  from  going  out  the  end  of  the  building. 

Mr.  Graham,  do  you  bavv/  any  ideas? 


Mr.  Qrahant 

in  t.hs  iir  Force  for  non-propulri^'S  dselcus  -i 


I'd  like  to  ask  ths  Colonel  what,  if  anything,  they  are  using 

of  th-i-  T!ri=ft'la  systasss 


Col.  Cotzslu  I'm  not  really  prepirsd  to  answer  that  quaetion.  I  know  of  one 
thal  Je  used  in  one  rocket  where  the  forward  end  has  a  plug  that  can  be 
removed  during  handling  processes.  Another  one  is  means  of  attachssnt 
of  an  item  through  the  exhaust  nozzls  which  will  cause  the  exhaust  to  be 
diverted  st  right  angles. 

Mr.  Graham*  Do  you  remeo&sr  tha  names  of  those  minsiles  Col.7 
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wolc  Couch;  The  MB-I  rocket  la  one  rocket  that  ve  have  that  tea  -  thi^  vlll 
b«  don/irfenttal  -  the  Sidewinder  which  la  a  Navy  alaalle  faaa  the  derles  and 
that  la  aL-o  Confidential* 

?fr.  Kndal  /t  Likewlae,  this  la  ConfidcrMal  •  you  hare  to  be  a  little  careful 
of  theae  a  tress  neutrallxers  -  we  had  oeeo<ilon  w  'th  one  of  than  to  cause  a 
caae  rupture  and  this  can  be  a  little  more  hazardous  tLen  if  you  Just  let  It 
burn. 

Capt*  Janiclna}  This  la  soaathing  rather  than  a  solution  to  go  Into  an  idea* 

Col*  Coucht  Our  objective  was  to  get  you  people  thinking  about  it  and  en> 
-lourage  dweloparant  of  aona  Ideas  other  than  what  bare  already  heen  used* 

Mr*  Grab w 8  7}iat  was  one  of  the  reasons  behind  17  question  because  we  do  hare 
it  on  the  LaOrosse  ulsalle  and  I  was  looking  for  sosw  other  bright  ideas  on  it 
froo  the  other  Services ^  frankly* 

Mr*  We^traubi  I  think  it  really  depends  on  the  aasslle  system*  Bow  er^ry- 
thlng  I  nj,  I  think,  will  be  Confidential,  but  ss  far  as  IV  Mlnuteaan  is 
coiicsmed.  It  depends  cn  whether  the  thing  is  operational  or  not.  Bow  if  you 
here  an  operational  aissUe  and  ita  during  a  crisis,  let  ns  say,  you  don't: 
care  whether  or  not  the  thin-;  does  becowe  propulsive*  Ton  Just  take  the 
calculated  risk*  However,  I  don't  think  you'd  want  to  get  Into  the  motor 
desist  and  try  to  put  in  stress  reversers  or  sons  way  of  stopping  the  thrust 
other  than  perhaps  opening  up  the  case  and  this  ie  one  of  tba  tbin^  me  are 
looking  into  right  now.  The  case  is  very  thin  and  in  ths  event  that  you  were 
involved  in  an  accldoit,  the  prassi-re  vnni*i  k»  ■*>  thet  T  am  surs  that 

the  particular  motor  that  was  involved  would  nature.  However,  as  you  have 
many  other  stages,  in  other  words  there  sra  two  ether  stages,  tfale  means  that 
there  is  a  possibility  of  ore  of  the  other  stagoe  becoadng  propulsive,  which 
of  course  would  net  do*  How,  one  of  the  things  w«  are  lookii^  into  is  Just 
using  a  can  opener  and  th' .  is  rather  simple  bacausa  the  only  thing  that  would 
happen  as  if  the  thing  would  becons  propulaive,  you  would  Just  Jab  the  ease 
and  that  would  be  the  wd  of  it*  The  case  would  open  right  up*  Itese  eases 
are  very  thin,  as  you  know*  I'm  talking  about  this  being  sat  X»  ochar 
voi'ds,  in  the  particular  transpor  ter  at  the  time,  ao  that  in  the  event  it 
would  try  to  take  off  and  more  forward,  it  w&uld  impaXa  Itself  '>n  the  par¬ 
ticular  spike  and  this  would  open  tbs  case  up  and  there  is  no  probieB  at 
ail  there. 

Capt*  Jenkinai  That  is  good.  Thai  la  the  type  of  material  «•  wanted  to 
bring  out*  Do  you  have  a  question  Hr.  iraintrsab? 

Wr?  Wblntrcubf  The  question  has  been  asked,  hes  there  been  mar  thou^it  gi  /en 
to  prlaacord.  Nell,  we  do  have  complex  deetmet  sywtaae  on  aa^  am  ot  ti  e 
stages*  (everything  I  say  is  elassifiad*}  Thia  is  because  of  tba  lUzdtesaa, 
it  was  at  one  tiaa  Secret,  but  we  have  gotten  it  down  to  i^re,  except  frr 
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certain  things^  it  I3  Confidantlal«)  Ve  do  hare  coaqolsx  dastruct  systans 
on  each  stage.  IWs  will  si  prisacord  or  linaar-shaped  charge, 

however,  the  thought  of  having  the  person  in  the  transporter  having  tto 
capability  of  turning  a  key,  shall  wa  say,  s'd  opening  up  theaa  enginea 
is  still  a  thing  that  has  bsac  under  ot'cdy.  Kowavar,  we  foal  that  the  nan 
should  not  bo  able  to  dastruct  the  cases  and  tni  is  one  of  the  assic^tions 
on  which  !f9  are  working  now  and  os  I  say,  ona  of  the  ^jj^lnst  things  will  be 
to  Just  have  It  ispale  itself.  I  say  you  have  to  set  up  tie  ground  mlsa 
because  as  far  as  during  a  major  conflict  etc.,  yon  wouldn't  care  if  the 
thing  became  propulsive  or  not,  you  Jtist  take  the  calculatsd  risk. 

Capt.  .TanHrw}  He're  t-hlnking  chiefly  in  terms  oT  storage,  transportation, 

1^  also  this  is  destructive;  throwing  som thing  ir.to  the  pot  on  the  advisa" 
bllity  of  desit^j  putting  certain  features  tnt-;-  the  dsrigr.  to  prevent  them 
from  taking  off. 

Mr.  Weintraubt  I  think  you  have  t-n  realise  tn«t  the  elesile  concent  here 
Is  a  llitle  ‘iifferant.  Vow  idian  you  say  •'st'arags,*  storage  to  me  means 
something  else.  It  means  to  as  that  we  stick  it  in  a  bola  and  we  don't  <;are 
what  happens  to  it  in  the  hole,  it  can  detonate.  It  can  go  up,  we  don't  care 
at  an. 

Mr.  Buxtoni  We  have  a  idiole  coaBittee  there  on  the  subject  of  the  safe 
storage  and  hsndl'ng  of  these  large  flyable  ■Isailee  and  our  feeling  is  this, 
as  lorig  as  it  is  within  the  plant,  after  all  we  are  in  the  eaploeivas  business, 
and  idiat  happans  there  can  be  considered  very  unfortuiiate,  but  nevertheless, 
i-c  ijF  not  in  the  seme  realm  of  ^should  we  let  one  of  thecs  large  weight 
motors  t;“*  slrbsma,  sat  .-at  of  our  proparty  a^  laod,  aay  In  Sen  ^ancisco, " 
or  soea^lng  like  this.  Th*.s,  to  us,  coaid  do  the  whole  aiasils  program 
treoondous  damage  and  no  for  this  reason,  we  are  willing  to  take  almost  any 
sztrssss  to  provsnt  thi''  hoprmilng.  The  approach  that  we  are  meet  Interested 
in  at  the  monent  is  the  deaigi  item  and  this  has  to  do  with  plugging  the 
ports,  we  prefer  to  do  what  inis  gentleman  on  the  mid  nsrs  said  iHr*  ^idiXcy) 
was  real  disastrous.  It  was  tbs  stress  centraliser  I  think  you  said  that 
caused  the  chamber  to  burst.  Ve  want  this,  we  much  prefer  this  to  bsppe.o 
within  otu*  property  at  least  rather  than  have  the  thing  take  off  because, 
wall,  aerojet  and  I  think  the  whole  missile  program  could  get  a  terrible  name 
out  uf  this  tiling  if  VC  were  dropping  a  lot  of  motors  down  into  the  residential 
asctlon,  hospitals,  scbcols,  etc.  So  we  are  much  in  favor  of  tlw  plugging 
all  ports  concept  of  the  thing  and  making  it  burst,  absolutely.  We  much 
prefer  to  risk  an  explosion  than  to  have  it  become  airborne. 

Capt.  Jankinst  Keep  It  in  your  own  back  yard  rather  than  San  fTanclsco. 

Capt.  Clarkf  I'm  a  technician  on  Somarc.  Sight  now  rs  are  using  a  so-ca'led 
neutraliser  for  the  motor  by  itself  on  the  overall  mlasils  ayatem  tb<qr  ar  • 
looking  into  alao,  oeutrallaers  or  combination  of  the  partial  reversal  of 
thrust  to  get  in  there  at  sero.  In  the  overall  missile  plsnolng,  it  is 
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either  tied  do«n  cr  neutralised  at  all  points  and  we  are  quite  a  bit. 

of  discussion  anong  ourselres  as  to  whether  it  is  good  to  let  It  set  tfaer« 
and  bum  for  thirty  seconds  or  to  let  it  blow  up*  We  are  all  at  ther 

Seine  stages  of  developnent.  If  we  are  on  the  highway,  it  la  crst^  iacd  toe 
say  whether  it  is  better  bo  let  it  bloi.'  "n  or  bum. 

Mr*  J*  F»  R.  Hoyd,  Arplled  Ptorslca  Lab*.  Johns  Hopkitj  Uafa.i  lo  th»  linriar 
program,  we  have  bean  using  remoyable  Ig^ters  or  non-prapii3a^  aotors  tear 
sons  time.  In  my  tallc,  I  think  you'll  see  a  good  reason  idgrwa  do*  Kaaew 
tially,  during  the  sblpnent  of  motors  we  here  the  igniter  namtgned  as»  it  will 
come  out  if  Inadvertent  ignition  should  take  place.  Hban  tte  molt  is  rsealMd 
at  a  depot  and  the  laotor  is  asaembled  into  a  alaaile,  and  rtiaclrtl  out,  wv 
make  the  unit  propulslye  and  attach  the  whole  asaembly  to  a  went  pips  so  that 
the  gases  will  go  out  of  the  building  in  cf  inadrnrtast  i^iltioa*  Ums 
we  put  them  in  the  magasins,  Ijwever,  we  put  the  main  boaster  roekst  in  s 
non-propulsiye  condition  so  that  inadvortmt  Ignition  will  set  cause  it  to 
try  to  take  out  through  the  walla  of  the  sagasina* 

Capt«  Jenkinat  This  was  a  subject  which  we  didn't  ttalni.'  mb  fsiag  to  be 
covered  in  the  uiscueslons,  but  we  threw  It  In  to  get  you  th^idcing  about  itj> 
it  is  sonsthlng  to  keep  in  mind.  Nr.  Buckles. 

ttCdr  Bijcldyt  Thanks,  sir*  We  have  had  some  experience  4bm  harm  mtiii 
firings  of  ”cast>ia-plaee*  large  grains  and  these  hnva  maUmmstlaaed.  but 
I  think  it  Is  of  interest  to  note  that  in  every  instance  thars  bam  boeo  m 
case  rupture  of  variable  degree  of  severity  whli^h  has  reletaad  the  propellant 
from  the  Interior  and  it  has  burned.  Now,  I  will  not  say  that  tfala  util 
hbppcr.  with  an  axtruded  motor  within  some  sort  of  ease  or  cOrnr,  bat  «s 
have  found  with  cast-ln<^laee  large  grains  that  this  does  tabs  plsci*  and 
this  is  veiy  desirable  because  we  can  control  it* 

Nr.  Katcfaeri.  1  think  it  might  he  deeirable  to  consider  plmdag  1.:  the  r«- 
q'lj  resents  for  explosives  saTuty,  the  need  for  each  rocket  moCcr  dsmlgn  to 
consider  some  method  of  making  tte  unit  non-propuleive.  I  dom't  believe 
today  that  there  is  such  although  certain  areas  of  IXX),  we  la  tte  Navy,  In 
BuOrd  have  a  gsnsral  specification  for  design  that  we  consiter  each  new 
development,  consider  tte  requlramaots,  we  at  leapt  to  buy  mast  eaamm  by 
making  tte  unit  non-propulsive  by  venting  fTon  tte  front  end  if  the  dswlgn 
allows  it  where  the  igniter  goea  in.  Tte  areas  are  equal  Xnm  ttmt  f.-oat  sod 
as  well  as  the  uosale,  but  whan  one  considerw  tbs  problems  larger  meters 
that  we're  making  and  we're  getting  into,  and  tte  basards  aClqplaait  handlti^, 
shipment  and  storage,  this  problem  aqipears  to  bm  taking  on  m  non  important 
aspect.  On  board  ship,  idien  we  bad  small  motors,  2”  and  5*  is.  siss  aad  anmll 
warheads,  the  problem  on  non-propulsivity  perhaps  didn't  hams  ms  madx  im¬ 
portance  as  it  does  today  when  yon  bare  a  misaile  (this  is  edssaiflad)  scrit 
as  %>arrow  or  larger  alsee  than  have  a  significant  warhead  whore  the  werl.eed 
ooTild  be  stored  in  ready  storage  in  a  caiq>let4ily  assembled  adaeile,  tBe  r«— 
qulreaMnts  for  having  a  thrust  neutraliser  back  on  the  nosxle  emdd  be 
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nandatory  and  th^  are  toda^  and  va  are  going  about  putting  those  in.  The 
point  I'd  ilka  to  aaka  Is  assontlally,  from  ufaat  I're  seen  in  designs  that 
still  appear  to  be  coming  out,  nan?  of  them  are  not  providing  for  non-ipro- 
pulsive  features  and  if  so,  we  could  do  the  entire  nountr?,  including  the 
public,  severe  injur?  in  the  event  that  catastrophes  can  happen  b?  freight 
cars  turning  over,  or  whatever  it  night  b«,  and  this  will  really  iqMet  things. 

I  thlr.k  we  have  a  big  Job  to  do  in  this  area. 

Capt.  Jenkins t  That  is  within  the  prerogative  of  the  Services  in  setting 
specs,  ire  you  doing  that  in  the  Navy,  do  you  know? 

?{r.  Katcheri  7es  sir.  In  our  specifications  in  the  Navy  today  ws  are 
putting  in these  requirenents. 

Mr.  ^a^i  Capt.  Joskins,  seas  tins  ago  people  were  lalking  about  tbeaa  ICC 
regulati^  and  I  would  like  to  point  out  that  ons  phase  of  that,  I  have  for¬ 
gotten  the  exact  wording,  but  rockets,  nlssilss,  etc.  when  being  shipped  will 
have  the  igniter  removed  or  otherwise  be  nada  safe.  That  was  one  of  the  things 
several  years  ago  that  got  us  into  the  thrust  nsutrsllssr  business  beesuss  of 
the  fact  that  In  sons  cases  the  desigi  indicated  that  the  igniter  should  be  in 
it  but  we  didn't  wait  it  in  it  and  if  the  design  epeciflcal^  called  for  It  in, 
th«n  we  rrould  want  the  thrust  neutralizer  in  it.  That  is  just  ons  thing  and  In 
answer  to  this  other  man's  question,  we,  two  years  ago  at  least,  had  a  require- 
men.  all  our  missile  systems  that  they  have  thrust  nsntrslixers  and  as  of 
tbs  past  week,  we  just  completed  another  survey  to  find  out  how  far  each  of 
lur  missile  systeis  were  along  in  doing  just  exactly  that. 

Mr.  Macki  Ws  might  mention  that  each  rocket,  each  system,  is  its  own  entity 
anci  as  far  as  thrust  nsutralixatlon  is  concerned,  1  think  that  the  rocket 
designers  and  chamber  people  designers  can  corns  up  with  a  thrust  neutraliser 
system.  Each  ons  is  a  special  case  In  itself.  If  we  are  going  back  into 
thick  shsUc  in  sesa  of  tbs  oldar  units,  why  we  have  to  go  with  forward 
vtinting  and  am-safaiog  as  far  aa  1^1  tare  are  concerned  anrf  blowout  patches. 

Va  get  into  highi  perfomsnee  systems  and  I'll  stay  off  the  classified  areas 
in  discussing  them,  they  can  be  designed  to  a  maximum  pressure  limitation 
and  some  of  have  been  tried.  We  cau  put  in  numbers  of  different  types 
of  thrust  neutraiiznis.  Each  overall  missile  systen  requires  its  own  and 
I  don't  think  that  we  can  coats  up  with  a  single  one  glaaick  that  is  going  to 
suit  everybody.  We  will  be  gl'd  to  take  on  this  job  of  designing  ons  for 
any  ons  of  them. 

Wslntrav.hi  That  last  statement  raainds  me  of  the  person  idio  ssya  be  is 

motherhood  and  against  sh.»  Com^^ng  back  to  the  engines  ym  have,  I  lmag1.na 
that  you  realize  that  a  thrust  rev'  ...ol  on  ths  first  stage  of,  fer  exaaqpla, 
say  a  Hinuteman  missile  which  h  j  almost  lt0,000  pounds  of  propellant  is  qiits 
a  thrust  neutralizer.  I  thl^k  the  way  we  are  getting  around  this  in  tba 
assembly  and  test  area  at  t.a  Cape  is  to  have  a  qussl-test  stand  and  tie  Um 
engine  down  while  you  ar  working  on  it.  If  the  thing  should  ignite,  it  just 
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igiiitas  and  that 'a  all,  period.  You  Just  lot  the  dam  thing  bum  and  ufeat 
you  do  la  open  up  your  thrust  ayatema,  etc.,  with  your  oanriiand  qprlaldors, 
etc.,  and  attempt  to  keep  It  minimised  or  under  control,  tiaiit*s  all.  But 
you  have  the  thing  tied  duim  so  it  is  non-propulsive  and  can't  gs  anyplace 
ubile  it  Is  being  worked  on  in  the  toot  stand. 

Mr.  Jeaekt  Design  that  system  for  trucks  and  you  have  got  it  made.  Uhat 
keeps  people  worried  about  it  ia  if  you  have  one  of  these  ttdaga  on  a  troidc 
and  it  takes  off. 

Mr..  Weintraubt  Right.  In  tba  truck  we  bare,  what  wa  ara  trying  to  do  ia  to 
Liin’e  this  inhale  itself;  In  other  words,  if  it  should  attaqit  to  move,  it 
Jutit  impales  itself  on  a  spike  and  this  Is  probably  tio  sii^ilast  way,  in 
other  words,  a  can  opener. 

LtCdr  W.  L«  Zimaarman.  DASit  }fy  comaenta  should  be  eonsldand  classified:* 
i  number  of  ibe  commenta  Qiia  afternoon  hare  dealt  with  tfea  problam  of  getting 
larger  and  larger  rocket  motors.  One  of  the  things  wa  hora  eoBeamed  our- 
selves  with  bare  in  recant  months  is  tfaa  fact  that  a  grsattf  anabor  of  smaller 
and  smaller  aiaellea  and  aiaaile  systems  are  coming  in  is  being,  tteaa  will 
necessarily  be  placed  near  matropolitsn  areas  and  will  base  atmle  warteads 
on  them,  but  wa  ara  quit*  concarnad  not  so  much  with  the  fact  that  tha  miaaile, 
par  sa,  would  sntar  aomaoM's  yard  as  the  fact  that  it  would  ba  earxying  an 
atomic  warhssd,  s&d  we  aay  be  able  tc-  accspt,  aa  ws  have  dsa  ~ssy  raasutly, 
the  impacting  of  a  dud  missile  in  so:aeona's  yard,  but  I  doabt  ssrloualy  if 
we  will  ever  be  ablm  to  accept  an  atemie  warbsad,  evao  though  it  ia  to  bo 
essentially  a  one  point  detonation.  That^  I  don't  think,  wa'U  evar  ba  abla 
to  accept  anywhere  In  aqy  eaenunlty.  Ibsrefora,  not  only  tnaiapcrtstioa 
should  be  eoncemsd  so  far  as  thrust  ranting  or  making  ttasaa  *htng«  noo-pro- 
pulsive,  but  I  think  that  aircraft  storage  where  a  small  lypa  wleail#  might 
be  atta^ed  to  the  wing  of  an  aircraft  and  it's  laft  on  a  faardatand  in  rsaxli* 
csss  should  be  censidered  to  be  completely  ncn'^propulalvu  umtil  somithing  ia 
done  as  a  physical  act  to  that  particular  rocket  mutor  before  the  thing  is 
intended  to  be  flown  as  a  strike.  This  ebould  be  given  very  early  eonsidsr- 
atlonj  otharwlse,  we  may  find  ourselves  in  a  position  of  holng  perfectly 
good  weapon  systems,  but  they  have  no  readlnaas  ali^ly  beesase  wa  ennot  maks 
war'rwads  of  the  desirable  typ*  *ith  the  propulsive  syatema  that  might  eaaa 
from  high  energy  solid  propellants* 

Capt.  Jepki.  s»  You're  right,  and  that  la  idqr  we  brought  tfaia  up. 

Mr.  Haitei  I  hare  tba  solution  to  your  problam,  tbv  ^y  tliliig  la,  it  will 
be  up  to  you  to  inclement  it  and  that  la,  anytime  that  you  ship  rodeeta,  athip 
two  at  a  time  and  tie  them  together  nossle  to  nossle.  If  oms  bssomes  ignited, 
the  other  one  does  and  they  are  not  going  anyplace. 

Capt.  Jenkins  I  Thank  you.  It  la  surprising  how  you  can  have  suoh  difficulty 
somstimos  in  thinking,  and  then  caam  up  with  such  alaple  things.  UsU,  any¬ 
thing  else?  Wn  have  had  enough  "airing*  on  that,  Cclonal,  amd  thank  you  very 
much  for  coning  into  it.  lta>.  fLoyd,  will  you  make  your  pruaaitatlOB. 
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Hr.  Flqyd!  "Shipboard  Waapons  and  AnEunltioa  S^ety  >  Oaaage  Ccntrol  iapects." 
MLtii  tM  cosnissloolng  of  the  guided  aiaelle  cruieers  BOSTON  and  CANSSRHA,  tl'« 
Navjr  introduced  into  the  fleet,  ships  baring  alaalle  laagaslnes  each  of  which 
contain  72,000  pounds  of  propellant  in  the  sane  space  with  about  7,000  lbs*  of 
high  e:qaIoslTe.  Furthermore,  the  length  of  the  Terrier  miaslles  is  great 
enough  to  require  that  the  magaslnes  extaud  wexl  abo«e  the  waterline  end  any 
amor  protection  and  into  the  t<^ids  areas,  tddch  arts  non  vulnerabla  to 
eneasr  action.  To  point  up  the  significance  of  the  hazards  of  this  new  type 
of  magazine,  it  is  worth  noting  l!tat  the  two  missile  uagazlnes  on  the  guided 
missile  cruisers  BOSTON  and  CXNBQlfiA  are  60  feat  apart  and  stirrounded  fay 
crew's  quarters  and  contain  enough  solid  rocket  propellant  to  require  a 
building  spacing  for  safety  of  900  feet,  if  they  were  stowage  magazines 
located  at  a  rocket  dewelopmsnt  plant.  Furthermore,  the  same  safety  require¬ 
ments  would  dictate  that  each  of  these  magasipas  be  located  3600  feet  from  the 
nearest  inhabited  building. 

In  addition  to  the  axis  tones  of  large  quantities  of  pnqiellart  in  a 
single  magazine,  the  safety  problem  is  ai^srated  fay  the  need  for  stowing 
missile  electronics  in  the  same  magazine.  To  meet  the  requirements  for 
readiness  of  ammunition  in  defense  or  the  ship,  it  is  nss^sary  to  stow 
assembled  missiles  and  wuv  up  the  electronics  of  the  missile  while  It  is 
still  in  the  magazine.  The  firing  circulta  for  the  sustalner  rockets  are 
only  separated  from  active  missile  clrcuite  by  the  presence  of  one  safety 
switch.  Furthermors,  the  existence  of  active  miseile  electronics  in  the 
magazine  caused  launching  and  handling  system  designers  to  install  in  the 
magazine,  the  electrical  maclilner/  and  control  panels  associated  with  the 
transfer  of  the  missiles  to  the  Isuncber. 

These  u;i«!aslne  systems  make  the  possible  eourree  of  inadvertent  ignition 
of  the  odsslle  rocketr]  include  fsuliy  cisail-.  isr/>.-»p  and  firing  circuits, 
huaart  fallurea  while  handling  or  working  around  amannltlon  having  ej^oeed 
elsc'^rlcal  contacts,  fires  within  the  magazines  from  other  eleetrleal  sid 
hydr.iullc  machinery,  electro-magnetic  radiation,  and  the  poeslbla  effect  of 
enewf  action  which  could  lead  to  fra^ant  penetration  of  the  magazine  Aram 
nsar-mlsa  bomb  attack  or  from  rocket  strafing.  The  e:qp089d  topside  of  the 
new  missils  msgszine  makes  It  vulnerable  to  this  type  of  attack  since  the 
deckhouse  protection  may  be  lees  than  the  equivalant  of  1*  cf  stsel.  For 
purposes  of  developnient  testing,  it  was  agreed  with  the  Navy  that  the 
fr«£«Mnt  nisM  which  we  could  anticipate  penetrating  the  ship's  magazine 
oould  beet  be  simulated  by  firing  2Chaa  armor  piercing  or  tracer  ammunition 
into  the  ndssile  rocket. 

Ibsre  are  many  Naval  officers  who  adopt  ths  attitude  in  connection  with 
these  miseile  magazines  that  "war  is  hell”  and  there  is  Uttls  that  can  be 
done  to  provide  safety  and  damage  control  in  the  aagasins  exeapt  to  Isals  m 
the  individual  missilas  from  each  other  with  a  min~Iwum  of  weight  penally  to 
the  ixstallation,  sod  depend  on  a  crinkling  ^etem  and  CIO2  qrstem  to  han<ue 
non-mlsslls  fires.  However,  others  trsre  interested  in  the  degree  of  hasard 
involved  and  in  tbs  development  of  possible  mesDS  for  dsmage  control.  Tbe 
ippllod  Physics  Laboratory  outlined  a  eeriss  of  tests  to  tho  Navy  which  would 
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assess  the  hazard  of  this  oew  animinltlop.  La  the  magazine  ami  pemlt  an  early 
demonstration  of  the  value  of  damage  control  methods  Hhica  might  be  applied. 
The  experlinental  phase  of  this  vork  was  undertakai  at  the  feral  Proving  CSroond 
in  Oahlgren*  From  these  tests,  it  was  shown  that  by  the  introdnctioa  of  a 
gas  deflector  in  each  missile,  it  tms  r^rplble  to  avoid  chain  tgittioa  of 
adj'aceiio  uiixuo  xii  caso  ojl  xiiadvortant  l^i^tion  c. .  ilis  second  ntsgc  rosiest 
of  the  Terrier  "lissile.  However,  cbaiji  ignition  coulu  not  be  avoided  in  the 
event  of  inadvertent  igiitlon  of  the  booster  rocket.  This  aas  true  even 
though  the  magazines  were  proviood  with  autoisatlc  opening  rents,  which  sssld 
keep  the  pressures  developed  within  the  magazine  from  exceeding  the  strue* 
tiural  strength  of  the  magazine  walls. 

This  Laboratoiy  then  undertook  to  develop  a  datactlon  and  damage  control 
systam  idilch  would  automatically  detect  the  i^ilLiatior.  of  burning  of  one  of 
the  Terrier  booster  rockets  and  cooflna  it  such  that  chain  ignition  would  not 
take  place.  This  development  was  to  taka  advantage  of  the  previously  deaiffiad 
noR-propulaive  igplter  system  which  would  artomatically  vent  the  rocket 
through  an  area  in  the  head  end  of  the  rocke*-  equivalent  to  the  nosalm  throat. 
Sraluatlon  testa  of  the  non-propulalve  device  shown  thet  the  rocket  was 
not  made  completely  non-propuleive  bF  s*^ch  a  ventable  iguiter,  since  a  net 
thrust  of  13,000  pounds  was  developed  by  a  rocket  whoee  r.oiml  thrust  was 
60,000  pounds.  However,  the  chamber  pressure  during  burning  was  markedly 
reduced,  and  the  burning  was  characterized  by  intermittent  ebuflb,  which 
would  permit  more  tine  for  demagr  control. 

deoause  wo  were  dealing  with  a  Navy  weapon,  it  was  logical  to  assume 
that  a  satisfactory  quench  or  damage  control  madiun  would  be  salt  water  from 
the  ship's  fire  main  systam  nr  fresh  vster  from  a  storage  stQjply.  £arly  tests 
showed  that  satisfactory  quench  of  the  burning  booater  rocket  eonld  be  accom¬ 
plished  with  as  little  as  six  gallons  of  water  applied  by  a  2?00  psi  air 
charging  system.  Other  tests  demonstrated  that  by  proper  timing  of  the  event, 
it  was  possible  to  quench  the  igniter  and  iiiltial  boming  surface  of  the 
rocket  with  only  tea  pounds  of  water  applied  after  Inedvsrtsnt  sleetrleal 
ignition  of  the  rocket.  Later  tests  using  water  fhon  a  simulated  70  pel 
ship's  fire  nudn  accompliebsd  quench  with  90  galloas  of  weter  after  tnad- 
vartent  electrical  Ignition,  and  quench  with  j6u  gallons  of  water  after 
gjnfira  Inltistlon  of  the  motor.  However,  there  has  oasR  ooe  occasion  when 
magazlns  damage  control  ai'ter  inadvertent  rocket  ignition  by  2Um  ammunition 
requlrei  the  us-  nr  1,350  gallons  of  water. 

While  the  aarJy  tests  for  feasibili^  of  hendllag  the  hazard  with  wat^r 
injection  into  the  motor  assuoad  that  the  system  could  be  activated  x^-thlu 
1/U  to  lyz  second  after  Ignition,  the  success  of  these  Unsta  dmonetrmted 
that  a  detection  system  capable  of  meeting  thsas  times  should  bs  davelc^i. 

The  pbyalcal  characteriatica  of  the  burning  which  might  be  employed  to  a  irre 
as  a  basis  for  detection  include  the  generation  of  beat,  pressure,  end 
radiation  in  the  visible  ana  7J)fra-red  range.  Gunfire  ignition  tMts  demon¬ 
strated  the  desirability  of  a  rapid  detection  means  because,  once  the  heat 


of  burning  had  firad  the  rocket  igniter,  it  vaa  generally  found  that  the 
chamber  failed,  disgorging  propellant  into  the  aagazinc.  lay  vslgblng  of 
the  various  types  of  detection  had  to  include  their  Areedom  from  inadvertent 
detection  ana  also  freedom  from  chain  detection,  which  would  deplete  the 
quench  laedlum  or  reduce  ita  preasure  w:!  effectiveness* 

The  detector  development  work  accomplished  to  dai^  has  shown  tiwt  re¬ 
liable  detection  can  be  realized  with  pressure  detectors  acting  eltiter  on 
the  shock  wave  aseociated  with  le^nition  snd  failure  of  the  nozsle  closure, 
or  on  pressure  developed  after  onset  of  buming*  One  form  of  detection  uses 
this  pressure  wavo  to  act  on  a  diaphragm  which  displaces  and  closes  tbs 
switch  in  a  w^ter  nozzle  release  circuit.  It  is  also  possible  to  detect 
rapidly  with  an  infrared  syscem,  and  we  believe  that  this  system  can  be 
desisted  to  he  free  from  the  difficulty  of  chain  detection  and  inadvertent 
operation  during  extended  periods  at  aea. 

In  tests  thus  far  with  a  water  injection  quench  system  applied  to  Terrier 
missile  booster  rockets,  «  level  of  eueeesa  ux  d0%  has  been  achieved  with  the 
complete  detection  and  water  injection  system  coping  with  the  hazard  of  in¬ 
advertent  electrical  ignition*  In  other  tests  involving  Lho  ignition  of 
rockets  by  20na  ammtnitlon,  a  quench  or  damage  control  success  level  of 
has  beai  acbieveu*  Further  tests  are  planned,  with  this  latter  hasard  con¬ 
dition,  to  determine  whether  the  advantages  of  mors  rapid  detection  by  ioArA- 
red  means,  cr  faster  penetration  of  the  water  under  the  force  of  hij^  pmsara 
air  will  be  required* 

In  April  of  this  year,  a  magazliie  water  quench  agrstem  based  on  this 
development  work  was  installed  and  put  in  service  on  the  USS  CANBSRRA*  Tbs 
water  nozzles  beneath  each  missile  in  the  magazine  are  backed  up  by  a  single 
fresh  water  accumulator  charged  to  250  psi*  The  size  of  the  accumulator  was 
selected  to  supply  water  to  the  ignited  sstcr  until  ouku  time  as  an  sdditional 
ship's  fire  pump  could  be  put  on  the  line  to  provide  s  flow  of  ISO  galloi» 
per  minute* 

It  nay  also  be  of  Interest  to  note  that  the  teat  succasaea  with  this 
water  quench  system  have  led  two  solid  rocket  developers  to  employ  the  seme 
system  of  water  quench  to  determine  the  characteristics  of  the  grain  after 
partial  buming.  Ibis  has  made  the  water  quench  system  an  importeiit  ds- 
vexopMsnt  tool  for  the  rocket  industry. 

Capt*  Jankinst  Of  course,  it  goes  without  saying,  that  is  the  reason  why 
&e  livy  is  so  interested  in  putting  out  the  fire  after  it  starts  on  ship¬ 
board.  Any  questions?  Thank  you  very  much  Me*  Floyd  for  your  presentation. 
Kow,  there  were  a  couple  of  questions  hare  idiich  I  left  unanswered. 

Ik*  Schaefer,  is  there  anything  that  you  feel  you  want  to  ask  hare  before 
we  terminate  this  session?  Is  there  anything  that  wasn't  answered  to  ymr 
satisfaction,  or  is  there  anything  that  you  ^sb  to  discuss? 

Dr*  Sebaefert  Well,  I  was  Just  Interested  primarily  in  getting  available 
lnform<iIion  on  Ihe  small  laboratory  mixer  types*  I  gather,  however,  ttom 
talking  to  sons  of  the  people  here,  that  there  isn't  ai^  one  particular 
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^  gci-'ig  to  scot  all  li.  In  Just  a  utter  of  looking 

around  and  seeing  Bhat  the  various  nilxer  suppliers  hare  that  aight  fit  the 
particular  circumstance  that  /ou  ai.'e  Interested  In* 

Capt*  Jenkins;  Did  you  talk  to  soiw  the  iUeganjr  BalUstles  pe^la? 

Dr.  Schaefer t  I  haven't  talked  to  them  yet.  I  nave  gotten  infuarsiatlon 
iron  Rohm  and  haas* 

Capt.  Jenkins >  Allegahjr  Ballistics^  If  there  is  soosooe  hare  who  can  give 
answers*.  Hot  to  discuss  It  now,  but  discuss  it  later  to  help  out  Dr.  Schaefer* 
They  use  those  things  a  lot  up  there. 

Or*  Schiief.nri  Thank  you. 

Capt.  JmkLaat  Are  there  any  other  questions  or  laportant  points  that  should 
be  broui 


be  brought  up  hers? 

Dr«  l&iappi  '  In  some  of  the  military  Instsllstlons  that  will  bs  used  for  some 
of  iba  Intarco rtliisntal  balllstio  nlssilas  '  other  missiles,  you  have  a 
situation  in  idideh  you  can  taks  almost  anything  that  hiqipens  to  the  missile 
because  it  is  buried  in  the  ground.  X  take  it  that  even  southlog  fairly 
close  wouldn't  be  "all  wrought  iqs."  Now,  that  is  a  prst^  cbrtom  thing, 
it  seeu  to  me,  to  do  with  a  plant  or  any  kind  of  an  installation.  Us  have 
s  real  simple  storage  place  for  experimental  pro.psUuts  we  like  s  lot.  Us 
took  a  few  plastic  gar-bags  palls  and  put  them  in  the  ground  and  put  a  conersta 
pad  around  them  for  less  than  91CC0  and  ws  have  a  nice  s  tonga  area.  You  bars 
bo  be  sitting  right  on  top  of  oi»  of  those  tbinga  to  gst  hurt.  If  one  of  them 
gcsa,  tiie  next  one  doesn't  go  aud  it  is  a  nice  kind  of  a  dssi^  for  anything 
that  we  can  see  about  it  and  we  wonder  idiy  in  a  lot  of  installations,  instead 
of  trying  to  get  six  feet  of  concrete  or  aometliing,  idiy  yon  don't  Just  dig  a 
hols  in  the  ground  and  put  it  in.  I  haven't  scan  anything  Ufee  that  yet. 

Ws  use  the  eaeth  as  »  bsirlcsds,  s?  it  natssral.  wat  inaiiaad 

of  building  the  earth  19  around  it.  Just  dig  doun  into  it. 

Capt.  JenldjMi  Just  dig  down.  Vary  sliq)!#,  isn't  it?  Or.  Ball,  did  yea 
have  Bomethlng  to  eantion? 


Pr.  tUllt  r  was  Just  wondering,  what.  If  anything,  the  iSESB  is  doing  shout 
standards  of  constnictloi  for  haeardous  oparationa,  locationa,  ate.  I've 
heard  "acuttlabut"  that  you  were  working  on  tlist  sort  of  thing,  partlcnlarly 
with  respect  to  boebproof  shelters  and  that  sort  of  thing. 

C^pt.  Jenkinai  Itr.  Hernan,  would  you  Ilka  to  eantion  anything  about  that? 

Mir.  Hemant  I  think  parhape  Or.  Ball  has  rafnranoa  to  our  underground 
criteria  which  wa  have  bad  a  research  team  working  on  to  davalap  or  at  least 
flud  wub  wiiat  was  in  tiia  field  and  gather  It  togetlsr.  This  has  Just  raeactly 
eoee  off  the  press)  however,  it  is  not  for  general  distribution  Inaswiofa  as  it 
ia.  or  1»««,  part  Of  •  Stu^  tbit  iS  Uudw  ■./. 
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Cnaz.  JenKlnat  Is  tha  undarground  atsrasa  tachnlcal  paper  what  you  fcad 
roisrar.ca  to  Dr.  Ball? 

Dr.  BcUt  Vail,  the  underground  la  certainly  a  part  of  this  picture  and 
perhaps  a  major  part.  We  are  still  iu:;creatad  in  idut  is  tha  bast  way  to 
construct  things  on  the  surface.  Wa'ya  heard  s^:se  rcry  iatarasting  things 
on  tha  part  of  this  Rohm  A  Haas  paper  that  iodicata  tr^t  by  a  properly 
designed  structure  here  oi'  possibly  including  dual  voUs  with  air  spaces 
between  and  the  comers  intarlocI:ad  and  that  sort  of  thing  and  you  could 
probably  do  a  lot  batter  with  that  than  ycu  could  standard  construction. 

Capt.  Jenkins t  We  don't  set  the  stsndsrds  of  construction.  Dr*  Ball,  in  our 
business.  could  get  into  it,  with  the  pamisaion  cf  the  Sareica  Menbars, 
but  I  think  tha  Sanrlcas  keep  that  pratly  nucrs  in  thair  own  hands,  the  Corps 
of  Siginaars  in  tha  kirtf  and  the  ciyll  engineara  in  tha  Nary.  We  ourseiyas, 
don't  sat  the  unii'om  cunstructlon  standards.  Ws  psse  on  what  is  siibmittsd 
to  us  in  construction  plsns  dui'ing  initial  dssign  cHtarls.  Wie  are  not  pri¬ 
marily  in  tha  reaaareh  and  derelopnent  buainass*  We  are  not  a  do-all  Bourd 
in  setting  design  crltar'a  and  erarything* 

Mr.  Weintraubi  I  have  another  queatlM  although  it  has  nothing  to  do  with 
wbst  Dr.  Ball  Is  talking  about.  I  an  interested  in  this  problan  and  maybe 
someone  hare  is  doing  sores  thing  with  it.  Wie  era  building,  at  present,  a  rsry 
lov  temperature  emrirorcsntal  and  physical  properties  test  walk-in  room  (I 
guess  you  m’Jild  call  it)  a  rafrlgaratad  room*  The  temperature  we  are  being 
asked  to  deal  with  ia  -?5°F  aryl  m  hare  been  vamsd  by  soma  people  in  other 
industries  that  this  can  causa  a  fraaxing  of  the  lungs,  ate*  of  tha  people 
who  would  baye  to  walk  Ln  tha  room  to  do  certain  jobs.  question  is,  what 
experience  has  anyone  had  with  this?  What  protection  can  be  giren  to  tha 
people  who  hare  to  go  in  and,  incidentally  I  should  add  ona  mors  thing,  there 
are  fanj  In  there  keeping  the  air  circulating  rery  rigidly  so  you  don't  get 
a  chance  of  getting  this  blanket  of  protection  around  you  of  slightly  warmer 
air.  Vfe  didn't  plan  to  put  more  than  one  man  in  there  at  a  time  although  we 
can  watch  him,  more  or  leas,  through  acme  sort  of  window  ports,  or  should  we 
put  two  men  in,  and  why  "two,"  etc.  Any  inforaation  on  this  I  would  be  <iulte 
interested  in* 

Capt.  Jena'S >  I'm  not  inrolred  in  these  teot  chambers,  etc.,  but  Z  might 
say  tbai  1  tied  coneldsrabls  experience  up  in  the  north  during  tha  war  and 
found  that  I  became,  oremlght,  a  world-famous  expert  in  cold  weather 
operations.  The  best  thing  I  could  say  is  that  whm  a  nan  goes  into  that 
Idnd  of  a  tamperatura,  taljL  him  to  kem  his  mouth  shut,  rad  brestha  through 
hie  nose  ard  slowly  too,  beesuss  at  70°  below,  you  uau  fr-eeas  your  lungs* 

Mr.  Orahaa. 

;fr.  Orahant  I  wculd  suggest  that  where  he  can  get  practically  all  tbs  iv. 
ifor^tlon  hs  wants  in  reference  to  that,  clothing  and  cwaryttiing  else,  is 
at  QMR&S  Coomand  at  Nadiek,  Nassachusatta. 
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Capt.  Jenklnat  People  can  survive  at  those  temperatures,  howver,  they  Hon*t 
go  In  In  their  "anion  suite. "  Ihey  can  Areese  their  lungs  at  that  tenperatore 
and  shouLd  breathe  Lhrou^  tlielr  liOae  and  breaUie  sloely. 

Dnidentlfiedt  How  about  your  eyes?  Will  that  freeze  thaa? 

Capt.  Jenklnat  Ihey  should  hare  the  goggles  on. 

Mr.  Weintraubt  What  about  the  two  man  rule? 

Capt.  Jenklnat  It  is  like  sending  a  man  down  into  a  void  oa  hoard  a  ship. 
Never  send  s  man  down  ty  himself  without  having  sohooim  tiers  to  efaecjc  on 
him,  a  rope  around  him  so  you  can  sand  another  man  down  to  ehs^  on  him. 
nie  two>man  rule  is  a  good  one,  I  would  say.  if  there  Is  no  raasoo  for  two 
people  to  be  in.  It  would  be  the  same  as  in  a  hasardoua  area  ta  the  ai^Iosiwa 
bi.wln&d8«  Dofi't  t^n  you  C£n  sood  0!)o  or  t-vos 

ffr.  Katcheri  I  don't  know  whether  or  not  I  an  Jumping  the  gaa  co  this  for  yon, 
Capt.  Jmkins,  but  about  some  of  our  earlier  discuseione  this  ssonsisg,  I  would 
recoimend  that  in  the  minutes  of  the  meeting  possibly  eontaia  iaConsation  on 
the  overall  functions  and  duties,  etc.  of  some  of  the  thtwp  that  the  ^sKfm 
la  working  on,  poaslbly  a  listing  of  the  publications  of  ths  Board  for  infor¬ 
mation  such  as  the  one  Dr.  Sail  mentioned  that  might  bo  of  laterest  to  attmr 
people  here.  I  have  a  question  that  perhaps  you  can  answer.  Is  it  the  in¬ 
tention  to  publish  ami  print  in  a  document  tbs  vsrious  papers  of  the  andijeets 
prnnentnd  hAre  today,  and  also  will  s;:Rh  orcanizations  as  SPli  aad  distri¬ 
bution  list  of  SPIA  get  copies  of  the  minutes  of  today's  meeting?  Sen  of 
the  people  idio  are  not  here  today  will  be  interested,  I  thlidc,  in  maagr  of 
the  things  which  have  been  said.  It  would  be  very  benefleJsl  to  than  and^ 
las  tly,  may  I  ask,  is  it  contemplated  to  have  encther  meeting  shout  mce  a 
year  on  this  same  subject  or  wiiSt  are  the  plans,  if  any? 

Capt.  Jenkins t  I  hope  I  can  answer  all  of  your  questions  to  ytmir  reasonable 
satisfaction.  With  tim  vast  amount  of  material  which  has  bean  presented  hers 
and  discassed  at  this  Seminar,  off  band,  I  think  you'll  quits  agree,  it's 
going  to  be  quite  a  Job  to  transcribe  spd  edit  it,  and  fill  la  the  additional 
eonments  where  necessary,  and  of  cotiraa,  revisv  the  minutss  with  respect  to 
security.  You  mentioned  ecaethlng  about  the  functions  of  tlia  A3S^  I 
recently  mentioned  something  about  that,  yesterday  1  bslieve*  I  hope  to  nave 
some  discussions  with  Capt,  Atkins  on  it,  and  I'll  rsvlsw  that  vary  carefhlly 
and  will  include  some  more  information  in  there  if  I  can,  in  sdditiLon  to  what 
I  discussed  yesterday  which  I  had  hoped  would  be  to  your  satisfactloa.  This 


?tr>  Slshoff  1  There  are  2  other  sources  that  I  can  recoamaol.  The  An^ 
Environmental  Health  Laboratory  at  th}  Army  Chemical  Center,  teyland,  can 
give  you  a  lot  cf  information  on  it.  Also,  FVankford  Arsenal,  PhUadelgMau 


Hurphyt  I  ballave  that  NOL  iias  doac  omnslderable  work  with  their  lev 
temperature  chamber.  Perhaps  one  of  their  NOL  ;.dop2.c  could  ghre  out  some 
information  on  it. 
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production  of  the  minutes  with  &1I  the  length  of  tine  it  will  take  to 
transcribe  and  edit,  might  take  a  couple  of  mcr.ths,  but  the  present  Intent, 
to  answer  another  question  of  yours,  la  to  distribute  a  copy  of  whatever  is 
riivilized  to  each  ons  ox  you.  tiow  that  can  bs  subject  to  change  but  1  hope 
tiiat  you  or  your  company  vdll  get  the  i..fsr>nation  on  what  we  have  talked 
about  here  tnese  last  cou>l<';  of  days*  lias  is  a.,  iiupertjuit  part  of  this  or 
any  Seminar.  Sons  of  the  other  tilings  I  was  going  to  cake  up  here  wore, 
first,  regarding  a  future  soElniir  of  this  nature.  certainly  wane  one 
next  year  if  tiiere  is  still  that  spirit  of  close  harooqy  among  the  Services 
that  there  is  now.  It  is  the  Board's  intention,  of  course,  to  develop  this 
Saninar  into  a  continuing  affair,  sponsored  perh^ie  by  each  Service  in 
rotation  or  even  poeaibly  by  sons  other  agency.  I  regret  that  with  i^y  30 
year  retirement  coming  up,  I  won't  have  the  same  active  part  to  play  in  It 
next  year  as  in  this  one.  It  has  bean  extremely  valuable,  but  we  do  hrspe  to 
make  this  a  continuing  affair.  A  lot  of  people  here,  X  imagine,  who  hive 
heard  mention  of  varloue  publications  during  this  meeting  have  taken  notes 
on  them;  however,  we  will  attempt  to  include  in  the  minutes,  to  the  bent  of 
our  ability,  what  some  of  these  publications  ars  tiiat  you  would  be  par  ticu¬ 
larly  interested  in.  Now  regarding  tbs  SPIi,  we  are  of  course  going  t«  keep 
liaison  with  other  groups  and  other  agencies  who  are  working  on  the  problems 
ui  this  field  and  especially  with  a  view  toward  producing,  poesibly,  or 
coming  up  with  the  hazard  classification  standard  or  table  that  we  bave  dis¬ 
cussed  here,  with  the  hope  of  getting  somsthing  out  as  far  os  the  Board  is 

i.rx  -..u.  «  w^^aeve**  aMwaa  wi^vasvMV  «vaiiO  WA  MJO  HWJ.  Ik  MMftV 

Array  Ordnance  is  doing  with  a  solid  propellants  safety  manual.  Vs  are  thinking 
very  much  about  that.  There  is  still  a  lot  we  don't  know  about  the  business 
by  any  means  but  we  are  going  to  look  toward  the  possibility  of  getting  out 
a  solid  propellant  safety  manjal.  Nr.  Blshoff,  I  think  you  or  Nr.  Queen 
mentioned  to  submit  requests  to  you  if  a.'^one  was  Interested  in  any  of  this. 

Mr.  Vfelatraubi  One  question  mors  on  the  availability  of  the  publications  of 
tbs  AsESB,  if  tture  are  any.  I  don't  know  whether  you  have  any  publicatlona. 

C^t.  Jeak^.ai  'ir*  Hpyl^ce,  will  you  make  the  publlcatlona  available  to 
him  over  there? 

fr.  Rgylancei  Tes,  if  you'll  get  in  touch  with  me.  I'll  get  them  for  you. 

Mr.  Waintraubi  mall,  it's  not  from  ay  own  standpoint  so  much  aa  it  is  from 
many  of  the  people  in  the  field  who  need  information  and  are  not  aware  of 
Its  availnblllty.  Having  a  list  of  aucb  pi&Hcations  in  tba  minutes,  X  think, 
would  servo  tbs  purpose  quite  well. 

Cant.  Jenkins »  Sema  of  tba  material,  of  course,  is  la  a  limitad  dlstributiot. 
fitaiua.  Tills  ons  on  underground  storage,  is  still  very  much  in  the  proce  is 
of  review  and  it  may  never  go  out  s  an  official  document.  Two  or  three 
the  iieople  bsre  ware  on  that  llml'^d  distribution  and  have  beer,  given  that 
paper  to  review.  Ms  also  have  a  classified  paper  on  the  effeetivaness  of 
dividing  walla  in  relation  to  this  propagation  bualiuaa  that  is  vary  much 
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under  review  and  I  think  >414 1  you  axs  Interested  lu  is  the  end  result.  Ihat 
will  be  conlnv  out  very  shortly.  Aa  I  mentioned  \'Mtore,  we  hare  t  work  gro^ 
that  WES  .lust  officially  put  Into  operation  yesterdayj  we'll  add  certain  pec- 
tLib.ut  L'lfoniatlon  in  this  report  that  goes  out  then  on  sme  of  the  ^nlni^s 
which  wo  hare  arsilfible  or  I'll  3»<*n  Ua;r  rtTht  with  tht^  papers,  tc  those 
people  uno  we  know  do  not  have  it.  Is  tnere  iu,,  else  for  nowV 

tfr.  Endaleyt  If  this  prcblan  involves  an  Air  yoroo  item,  you  might  write  to 
the  DirectX  of  Airaunitlona,  Cgden  Air  Materiel  Area.  They  can  aaalst  you 
co:.sidarabl.y  and  the  WilDC  people  of  ARDG  alao. 

Capt.  Jenkinai  1  think  that  taken  care  of  most  of  what  I  wanted  to  say. 

I  hope  that  you  have  all  enjoyed  your  visit  and  that  you  have  profited  by  it. 

I  know  I  always  feel  like  a  heal  In  attending  any  ser.'Rrr  in  idilch  I  have  a 
part  when  you  don't  answer  all  the  questions  completely  to  the  satisfaction 
of  the  people  who  are  there.  X  have  never  attended  a  aemlaar  that  ended  up 
that  way,  where  everyone  was  completely  satisfied,  but  I  do  think,  speaking 
for  the  Board  and  the  military,  that  this  has  been  an  extremely  valuable 
session  and  we  haven't  made  an  attempt  to  aolve  all  problems  by  any  means  but 
I  hope  we've  laid  a  lot  of  the  groundwork  for  future  aemlxiau'S  that  we  will 
have  In  the  course  of  time,  and  which  you  will  carry  back  to  your  owi  organ*' 
Izations  which  will  help  the  cause  of  safety  a  lot. 

Mr.  Meintreuhj  Will  th ’re  be  anything  like  this  for  liquid  propellants? 

Capt.  Jenklnei  Are  there  eny  liquid  propellants  men  n^i-e}  there  la  another 
organisetion  who  is  in  that  businsas  and  there  is  s  liquid  propellant  safety 
manual  you  know.  I  can't  enswer  that,  is  there  anyone  here  who  can? 

Unidentified  t  We  :;£V3  bad  several  mee  tings  in  the  past. 

Capt.  JenIdLnst  Have  they  been  on  this  order,  with  military  and  civilian? 

Mr.  Perkins «  Thers  is  going  to  be  one  held  in  November  and  it  will  be  bald 
tPlA,  safety  is  on  the  agenda,  but  it  will  not  be  specifically  on  aarety. 

Capt.  Jenkins t  I  would  like  to  Introduce  the  Board  Hembers  who  helped  put 
this  show  on  the  roadt  Col.  Cc.ttablla,  Mr.  Blafaoff,  Capt.  McKellar, 

Mr.  Roylanee,  Col.  Fincks,  Hr.  Hndsley,  mid  of  cour.ra,  Mr.  Marsh  mtbuslas- 
ticelly  went  along  with  the  idea  when  w«  took  it  u;>  at  a  Board  iMeting. 

We  will  keep  liaicon  with  other  groups  and  agendas  vor'eiog  on  problems  in 
this  field,  eapecially  with  a  vi*H  tcu*-t>d  p“;lblT  producing  a  solid  g;  cpellaat 
safety  manual  or  guide,  but  ther«  t?  still  a  lot  we  don't  know  about  ti..'s 
business.  I  want  to  thank  the  N'av.v,  especially  BuOrd,  for  taking  on  the 
Job  of  hosting  this  first  seminar  and  C'^t.  Atkitss  and  the  Naval  Propel »r.t 
Plant  for  making  our  stay  so  pleasant.  Hr.  Peztclns,  ths  stenograpbws  tnd 
those  who  have  handled  the  equipment,  recorders,  mikes  and  pfdjection 
material  have  dons  a  superb  Job.  Thanks  to  t«icee  of  you  who  made  presen¬ 
tations,  who  took  such  an  active  part  ir.  the  discussions,  sud  to  those  of 
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you  who  listened.  I  hope  sU  of  you  will  tske  the  word  bu&  to  your  >  i 
oi-^ar.lzations  and  your  establlahjaents  to  help  the  cause  of  Mfety  la  t  Ls 
new  field  of  high  energy  solid  propellants.  I  know  that :  of  you  a  -n 

ii'oltig  to  be  remaining  ov^er  until  tomorru«  take  this  no:  t  edifying.  ef  O'' ' 
tour  Of  the  Naval  Propellant  Plant.  All  I  van  say  to,  !<•  Is  too  bar/  j*  i: 
didn't  see  it  first  because  It  la  s  valuable  thing.  Tov  t.re  going  ic  oee 
ao’ae  of  the  manufacturing  procesaer  here  and  then  the  big  staff  on  >-.iipl.-.y. 

1  at  Is  about  all  I  have  before  I  t.:m  It  over  to  Capt*  at  das.  1  tozLd 
like  to  say  though,  to  those  of  you  that  are  leaving,  I  hojte  yoa  e'*s  ^oliig 
have  a  good  trip  home  and  Ood  bless  you  on  the  way,  dri-  e  safel; . 

Capt.  itkinst  Veil,  we  certainly  have  enjoyed  having  you  ere,  ar-^  i.e've 
gotten  a  great  deal  out  of  this  senlnar*  Ihare  is  an  awfu'.  let  of  C  iu^rs,. 
that  was  not  covered,  and  we  look  'rrrard  to  having  a  Metl  ng  wit!'  y2u  -yr.-in 
neat  year*  iee  would  certainly  like  to  have  it  back  here  a(  iiai  1£  coc.  a: 
swir'g  it.  In  tJie  obantlne,  if  any  of  you  have  tine  to  com  dswn  '  .•  su^r, 

visit  with  us  or  wrlre  to  us,  or  call  as  on  the  phoaa,  we  «  uU  V  .lad  a* 
hear  from  you.  I  want  to  thank  you,  Capt*  Jenkins,  for  all  the  i  :  th^'. 
you  have  given  ua,  «d  thank  you  fsr  letting  us  have  it  dow  imr.  X  wu-.*. 
to  thank  you,  Capt.  McKellar  and  the  Bureau  of  Ordnance,  fo.  b^'v’c^  us  ^ 
on  the  show.  Ttuuk  yo'i  all  vazy  nuch,  goodbye  and  good  luck . 
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DEPARTMENT  OF  DEFENSE  EXPLOSIVES  SAFETY  BOARD 
2461  EISENHOWER  AVENUE 
ALEXANDRIA.  VIRGINIA  22331-0600 


DDESB-KMC 

MEMORANDUM  FOR  DDESB  RECORDS 


0  7  JUL  2000 


SUBJECT:  Declassification  of  Explosives  Safety  Seminar  Minutes 

References:  (a)  Department  of  Defense  5200. 1-R  Information  Security  Program,  14  Jan  1997 
(b)  Executive  Order  12958,  14  October  1995  Classified  National  Security 

Information 


In  accordance  with  reference  (a)  and  (b)  downgrading  of  information  to  a  lower  level  of 
classification  is  appropriate  when  the  information  no  longer  requires  protection  at  the  originally 
level,  therefore  the  following  DoD  Explosives  Safety  Seminar  minutes  are  declassified: 

a.  AD#335188  Minutes  from  Seminar  held  10-11  June  1959. 

b.  AD#332709  Minutes  from  Seminar  held  12-14  July  1960. 

c.  AD#332711  Minutes  from  Seminar  held  8-10  August  1961. 

d.  AD#332710  Minutes  from  Seminar  held  7-9  August  1962. 

e.  AD#346196  Minutes  from  Seminar  held  20-22  August  1963. 
f  AD#456999  Minutes  from  Seminar  held  18-20  August  1964. 

g.  AD#368108  Minutes  from  Seminar  held  24-26  August  1965. 

h.  AD#801 103  Minutes  from  Seminar  held  9-1 1  August  1966. 

i.  AD#824044  Minutes  from  Seminar  held  15-17  August  1967. 

j.  AD#846612  and  AD#394775  Minutes  from  Seminar  held  13-15  August  1968. 

k.  AD#862868  and  AD#861893  Minutes  from  Seminar  held  9-10  September 
1969. 
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